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ADVERTISEMENTS i 


New Destroyer Leader 
powered by C-E Controlled 
Circulation Boilers 


Bigger, faster —- superior in many ways to any 
previous class of U. S. Navy destroyers — the 
U.S.S. Mitscher was launched recently at the 
historic Bath Iron Works shipyard in Maine. 
First of a new class of “super” destroyers, the 
“Mitscher” is 493 feet long and is rated at 3670 
tons displacement. A second ship of this class is 
now under construction at the Bath shipyard. 


In their power plants, as in all other respects, 
thes ships reflect the results of the Navy’s 
continuing studies and tests of new 
developments. Thus the Mitscher and her 
sister ship will be the first U.S. vessels “of 
the line’ to be powered by boilers of the 
controlled circulation type. Such boilers, 
designed and built by Combustion 
Engineering—Superheater, Inc., have been 
the subject of extensive testing in the Naval 
Boiler and Turbine Laboratory for some 
years past. 

Boilers of the C-E Controlled Circulation 
type also have many advantages for 
merchant ships and have been used 
extensively in foreign vessels. They are 
especially advantageous for conditions of 
high steam pressures and temperatures and 
where maximum steam output from 
minimum space is desired. 
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COMBUSTION ENGINEERING — SUPERHEATER, INC. 
200 Madison Avenue, New York 16, N. Y. B-574A 
ALL TYPES OF STEAM GENERATING, FUEL BURNING AND RELATED EQUIPMENT FOR MARINE AND STATIONARY APPLICATIONS 
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1500-Pound 

Pressure-Seal Bonnet 
Globe Valve 

Socket-Welding Ends 


EVERYTHING IN 
PIPING EQUIPMENT FOR 
SERVICE ON SHIP OR SHORE 


CRANE CO., General Offices: 
836 S. Michigan Ave., Chicago 5, Illinois 
Branches and Wholesalers Serving All Industrial Areas 


CRANE 


VALVES + FITTINGS + PIPE * PLUMBING AND HEATING 
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ADVERTISEMENTS ili 


CUTLESS BEARINGS 


Stern Tubes. and Struts 


Soft rubber bearing surface—efficiently lubricated by water—this bear- 
ing far outlasts all hard surface types, protects propeller shafts, reduces 
vibration. More than pays for itself in extra wear alone. Saves you 
time, trouble, and upkeep expense. Write for 60-page booklet. 


LUCIAN Q. MOFFITT, INC. 
AKRON, OHIO 


Seaporcel 


Ceramic Coating (Fused at 1550°F and higher 
temperatures) on Steel and C.RS 


for 


Mufflers Boiler Linings 
Tail Pieces Chemical Containers 
Piping Joiner Bulkheads 


Special Parts Exhaust Systems 
REPLACES CRITICAL ALLOYS 


For Erosion, High Temperature, Corrosion Protection 


SEAPORCEL METALS, INC. 


Associated with: 
MADISON MUFFLER CO. 
Manufacturers of Silencers, Manifolds, Tanks, etc. 
East Coast West Coast 


28-20 Borden Ave. 
E City N.Y: 


1461 Canal Ave. 
Long Beach, Cal. 
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serves the fleet and Naval bases with such equip- 


ment Meters © Generators ‘ 
Deaerating Feedwater Heaters 
Turbine-Generators * Mechanical Drive Turbines 
[a Condensers Strainers Tube Cleaners 
Information and bulletins on request Q-1075a 


ELLIOTT COMPANY 


District Offices in Principal Cities 


~ Bendix DEPTH RECORDER 


The Bendix Supersonic Depth them. Weighs only 90 pounds. 


Recorder draws an instantane- Easily installed in any conven- 
ous, permanent chart of all ient location. Accurate to 200 
undercraft conditions in their feet or 200 fathoms. Write for 


aatural profile as you pass over complete details. 


‘Pacific Division 


TO THE U. S. NAVY 
Corporation CONTRACTORS TO 


WOOD, CALIF 
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ADVERTISEMENTS 


With Boatswain’s Mate Bernard C. Webber as 
corswain, a dauntless, 36-foot Coast Guard motor 


lifeboat removed thirty-two men from the tanker 
Pendleton’s stern off Cape Cod in February, 1952. 


™ Warnings Are Op 


—it’s a relief to know the Coast Guard 


TE} HE glass is low. 

“a The winds and seas are high. 
And all small boats are ordered 

into port. All but one... a 36-foot 

Coast Guard motor lifeboat. 

She’s ordered out... 

And bow up, out she goes ... she 
and Monel®, the Seagoin’® Metal... 
to stand by a tanker in distress. 

This dauntless, little 36-footer is 
propelled by a strong, tough, corro- 
sion-resisting Monel shaft. That’s 
why she’s ¢ot so much sustained 
drive ... why pounding, gale-swept 
seas can’t hold her back. 

In this mighty midget, engine muf- 
flers, rudder stock, frame and keel 
bolts, even tiller ropes are also made 
of Monel. Thus the service that has 
“Semper Paratus’” — Always Pre- 
pared—for its motto, makes sure that 
its motor lifeboats have the rugged 
strength and corrosion resistance to 
win the battle against the cruel sea. 

In the work horses of the harbor, 
the life savers of the open sea, the 
fishing boats, the merchantmen, the 
pleasure craft ...in all where there’s 


and Monel, the Seagoin’ Metal, are on the job! 


a tough job to be done, where added 
strength is needed, where corrosion 
resistance is most important... you’ll 
find Monel. 

That’s why Monel, an INcCo Nickel 
Alloy, is “The Seagoin’ Metal.” 

For years, Inco’s researchers at 
its marine laboratory in North Caro- 
lina have been studying the “why” 
and “how” of salt water’s destructive 
action on most metals. What they’ve 
learned to date makes mighty inter- 
esting reading as famed novelist Cal 
Calahan tells the story in his “When 
Metals Go To Sea.” Write today for 
your copy. 


The INTERNATIONAL NICKEL COMPANY, Inc. 
67 Wall Street, New York 5, N. Y. 


Monel 


**... It’s the Seagoin’® metal” 
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Griscom-Russell 


Distilling Plants 
Feed Water Heaters 
Oil Coolers — Jacket Water Coolers 
G-Fin Fuel Oil Heaters 
Bulletins on Request 


THE GRISCOM-RUSSELL CO. 


MASSILLON, OHIO 


GIBBS & COX, INC. 
NAVAL ARCHITECTS AND MARINE ENGINEERS 


ONE BROADWAY - 21 WEST STREET 


NEW YORK, NEW YORK 
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Dependable 


LAND SEA 
AND 


GYROSCOPE COMPANY 


DIVISION OF THE SPERRY CORPORATION 
Great Neck, New York - Cleveland - New Orleans 
Brooklyn - Los Angeles - San Francisco - Seattle 


In Canada—Sperry Gyroscope Company of Canada, 
Limited, Montreal, Quebec. 
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1888-1952 


BATTERIES DEPENDABLE... 


on land, at sea, and in the air. 
THE ELECTRIC STORAGE BATTERY CO., Philadelphia 


eneralion After eneralion 


Sons follow fathers in the Bath tradition of fine shipbuilding 


BATH IRON WORKS CORPORATION, BATd, MAINE 


J vi 


“Materials for 


MARINE SERVICE 


Incombustible Joiner Materials Acoustical Materials 
os Ebony for Switch and Panel Boards + Structural Insulati 
and Engine Room Insulations « Packings Sasters 


Johns-Manville 
Box 290, New York 16, N. 


COLLINS RADIO COMPANY 


CEDAR RAPIDS, IOWA 


11 West 42nd Street 1937 Irving Blvd. 2700 West Olive Avenue 
New York 18, N. Y. Dallas 2, Texas Burbank, California 


Designers and manufacturers of radio communication 


and navigation equipment for the Armed Forces. 
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ADVERTISEMENTS ix 


From Sail to Steam... 
65 YEARS OF MARITIME SERVICE 


REPAIRS to sailing vessels were common occurrences in the early years 
of operation of the Newport News Shipbuilding and Dry Dock Company 
soon after its founding by C. P. Huntington in 1886. The four and five- 
mast vessels docked stern to stern in the above view’ indicate the early 
beginning of the company's policy of thorough planning to expedite 
ship repairs. 

At the turn of the century facilities at Newport News included an 
800-foot dry dock to accommodate the world's largest ships of that time. 
Development and expansion of facilities in the plant have kept pace 
with world maritime progress. Today Newport News has unexcelled 
equipment within the 225-acre plant for the complete on-the-spot execu- 
tion of all types of shipbuilding, ship repair, and conversion work. 


NEWPORT NEWS 


SHIPBUILDING & DRY DOCK COMPANY 


NEWPORT NEWS, VIRGINIA 
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Year after year, De Laval propulsion turbines and gears, turbo- 
generators, centrifugal and rotary positive displacement pumps 
have played an important role in America’s ships. In fact, 
many fleet operators count on the dependability and efficiency 
of De Laval equipment to power tankers, passenger and 
cargo ships, ore carriers and many other types of vessels. 


Marine Division 


DE LAVAL STEAM TURBINE COMPANY 
DL-1674 Trenton 2, New Jersey 
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ADVERTISEMENTS 


tradition at NEW YORK SHIP 


Since the first keel for a naval — 


vessel was laid at New York Ship, : 


shortly after the turn of the 


century, an uninterrupted program 


of naval construction has been © 


on the yard schedule. 


In peace or war, New York Ship 
continues to build for the Navy “j 


...a tribute to the men who carry 


L 


on the traditions of the founders. © 


NEW YORK SHIPBUILDING CORPORATION 


CAMDEN,N.J. 
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\MBRICAN CHEMICAL Paint Company 


[cme acs 
AMBLER PENNA. 


Technical Service Data Sheet : 
Subject: RUST PROOFING WITH PERMADINE 


INTRODUCTION: 


Rust proof coatings find many practi- 
cal applications. During World Wars 
I and II most small arms were rust 
proofed by zinc phosphate coating, 
impregnating with chromic acid and 
finishing with a rust-preventive oil, 
or cutback petrolatum. This not only 
provided excellent corrosion resist- 
ance but also yielded a dull black 
non-reflecting surface. 


Ferrous metal parts that have been 
Permadized in a zinc phosphate 
chemical solution and then “sealed” 
with a rust-preventive oil such as 
“Granoleum” are effectively protected 
from rust-damage. In addition, if 
the surface is accidentally chipped or 
scratched, rusting is confined to the 


exposed area. 
PERMADIZING: 


For the most effective rust proofing 
of large or small work in large or 
small production, “Permadine” is 
used in tanks in an immersion proc- 
ess. The coated parts are rinsed in 
clean water, and then in a controlled 
dilute acidulated solution. After dry- 
ing, a suitable corrosion-resistant oil 
such as “Granoleum” is applied. 


Operations can be carried out with 
the work in crates or hung from 
hooks, utilizing an overhead rail and 


hoists. For large volume production, auto- 
matic equipment can be used to mechanize 
the line. Small parts can be treated in 
tumbling barrels. 


“PERMADINE” DATA CHART 


Type of coating | Zinc phosphate 
= “| Rust and corrosion prevention 
x Nuts, bolts, screws, hardware items, 
Typical products | tools, guns, cartridge clips, fire con- 
treated trol instruments, metallic belt links, 
steel aircraft parts, certain steel pro- 
jectiles and many other components 
Scale of Large or small volume; 
production large or small work 
=e Dip, or barrel tumbling 
Immersion tanks of suitable capacity. 
Equipment Cleaning and rinsing stages can be 
notes of mild steel. Coating stage can be of 
heavy mild steel or stainless steel. 
required “‘Permadine” No. 1 
Any < d ing hod can 
| 
sol”’) , Acid cleaning xidine”’), 
methods Emulsion-alkali cleaning ( ‘‘Ridosol’’- 
“Ridoline’’); vapor degreasing, sol- 
vent wiping, etc., are examples. 
| 190° - 210°. 
Coating time | 20 - 30 minutes 
Coating wei 
te 1000 - 4000 
Government U.S.A. 57-0-2C; 
i Type II, B 
Finish MIL-C-16232: 
Type_Il. 


WRITE FOR FURTHER INFORMATION ON “PERMADINE” 
AND YOUR OWN METAL PROTECTION PROBLEMS 
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ADVERTISEMENTS 


Before the whistles’ din is over 


—pause to remember 


The nation joyously salutes the people responsible for the 
creation of America’s proud new superliner, United States, 
and wishes her officers and men godspeed on their great 
vessel’s illustrious life ahead. ‘2 

Before the whistles’ din is over at this memorable com- i i 
mencement, it is well for all of us to remember that this a 
fine beginning is only a beginning—that the security of this 
nation demands a continuing interest in a truly strong 
Merchant Marine. 

Before the cheers fade, let us pause to remember that the 
highly-skilled team of naval architects, engineers, 
and artisans who made the United States a nau- 
tical masterpiece will waste their talents at 
bare drawing boards and in empty shipyards 
unless the American people sustain the 
shipbuilding program which is de- 
signed to secure America’s 
lifelines on the seas. 


The Babcock & Wilcox Company is h d to have designed the boilers for the 
other 


United States, for its notable forerunner, the America, and for thousands of 
U. S. Naval and Merchant ships of all classes since 1875. The Babcock & Wilcox 
Company, Boiler Division, 161 East 42nd Street, New York 17, N.Y. 


BOTH DRUM-TYPE AND HEADER-TYPE 
BOILERS FOR ALL TYPES OF SHIPS 


‘ | 
| 
| 
BABCOCK | 
4WILCOox 
1-206 i 


ADVERTISEMENTS xv 


FROM DESTROYER TO. BATTLESHEM 
NOW USE OR HAVE “ON one 


WASHINGTON’S 
OLDEST 
COMMERCIAL 
PHOTO-ENGRAVING 
HOUSE 


Each Lanman Engraving is 
engineered from a blueprint 

of rigid quality standards and 
precision workmanship . . . for 
quality and service it’s Lanman! 


ENGRAVING COMPANY 


DIAMOND POWER SPECIALTY CORP. Detail, 
— 

; | ENGINEERED ENGRAVINGS 
: 

NERS 


xvi ADVERTISEMENTS 


“Yep put in service...to keep them on 
~ TAKE ADVANTAGE OF THE 
NAVY-WESTINGHOUSE SERVICE PLAN 


Use 
WAVY-WESTINGHO 
SERVICE PLAN 


olution of installation, 


1. For consultatio onin the $ 


P 


eeded. 
For fast, efficient repairs when n 
a 


Westinghouse maintains 21 Navy Service Consultants. 
cally located coast to coast 


...available FREE to the Navy to discuss 
shipping problems connected with steam or electrical equipment 
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headquarters, or get in touch with the one nearest you. For your 
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SECRETARY’S NOTES 


The Journal 


There has been a very encouraging flow of manuscripts coming 
to the Editor’s desk recently. We have a tendency to encourage 
authors to continue their pursuit of Naval Engineering by accept- 
ing papers which may be subject to some technical disagreement. 
This policy has the further effect, which we believe to be very bene- 
ficial, of encouraging disputants to write comments in disagreement. 
It will have been noted by careful readers of the JouRNAL that 
several technical disputes have appeared in its pages in recent 
issues. It is a firm opinion of the Editor that such disputes do 
more to accomplish the aims of the Society than any other device. 
No matter how faulty an article may be, comments and discussion 
by others and by the author present to the reader, not necessarily a 
final definitive answer, but all sides of a subject so that reasonably 
sound conclusions can be drawn and opinions can be formed. 
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In the interest of improving the JouRNAL as the organ of the 
Society for making good its existence, comment and discussion on 
the policy set forth in the preceding paragraph are urgently 
solicited. The JourNar should serve the members of the Society. 
Only by making their views known to the Editor, can he and the 
Council effectively manage the JouRNAL to serve this purpose. 


The Annual Banquet 


The final count on the 1952 annual banquet shows that 1578 
members and guests were served. This number exceeds the pre- 
vious high by 55. The popularity of this affair does not appear 
to be waning. The attendance is rapidly approaching the maximum 
capacity which Washington can accommodate. This maximum is 
believed to be 1632. 


This year, for the first time, seats were assigned in order of 
receipt of applications. Those who were dissatisfied with their 
location may assume that the reason was that others had mailed 
earlier. It is probable that this precedence arrangement will be 
repeated in 1953. For the information of those who like to look 
ahead, the 1953 banquet has already been scheduled to be held in 
Washington at the Statler Hotel on 


FRIDAY, 1 MAY 1953. 


However, nothing will be gained by making application for 
the 1953 banquet before this can be done on the regular application 
form. As usual, these may be expected in members’ mail about 
1 March 1953. There will be no machinery for receiving and 
acting on applications before that date, and any which are received 
will be returned as in the past. 
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TIN CONSERVATION 


MORRIS R. MACHOL 


THE AUTHOR 


is a graduate of Webb Institute of Naval Architecture and Marine Engineering. 
He has had wide and diversified experience since his graduation in 1903. In 1909 
he presented the first paper on light weight reciprocating parts to the Society of 
Automotive Engineers. Has done much design and production work. During 
World War I he was with the Emergency Fleet Corporation where he developed 
a trend toward management and production engineering which he has followed in 
many important capacities. In 1947 he received a letter of commendation from 
UNRRA for his services in development of a Water Transportation Program 
for the Chinese Government. At the present time he is a Production Engineer 
in the U. S. Navy Bureau of Ships. 


SUMMARY 
Tin can be saved by: 


1. Reducing the thickness of babbitt in babbitted bearings: 
By changes in the design covering shape of bearings and methods of bonding. 


3. By substituting babbitt metals with smaller tin content—for instance using 
lead base instead of tin base babbitts. 


4. By reducing the percentage of tin in solder—and by adding very small quantities 
of other metals to compensate. 


By specifying bronze compositions with smaller tin content where physical or 
corrosion-resistant characteristics will permit. 


The above conclusions are supported by data and examples herein contained. 
The author of this brochure, as a consultant for the War Production Board during 
World War II, called on many manufacturers to discuss methods of conserving 
tin. Through the experiences of many organizations in different kinds of industry 
a number of practical ways to save tin were recorded. 


This information has been collected, revised and is presented herewith. 
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CLASSIFICATION OF METHODS 


The methods of saving tin automatic- 
ally classify themselves into three main 
groups, the first, covering the use of tin 
in bearing or babbitt metal; the second, 
the use of tin in bronzes; the third, the 
use of tin in solder. The saving of tin 
in babbitts again divides itself into two 
parts; first, the substitution of lead base 
babbitts for tin base babbitts; and sec- 
ond, the redesign of bearings or the 
reconsideration of bearing designs in 
order to use less babbitt. This report 
will therefore be divided into five sec- 
tions. 


Section One will cover the replacing 
of tin base babbitts with lead base bab- 
bitts or other bearing materials. 


Section Two will cover methods of 


design that would reduce the amount of 
babbitt used. 


Section Three will discuss a few of 
the generally used brasses and bronzes 
that contain tin, their general charac- 
teristics and present uses, and the places 
where these alloys are necessary and 
where substitutions should be very care- 
fully and perhaps grudgingly considered. 


Section Four will discuss other brass 
and bronze alloys and other materials 
which contain no tin or little tin and 
which can be substituted for the tin- 
bearing bronzes mentioned in Section 
Three. 


Section Five will comment on the 
use of tin in solder. 


SECTION ONE 


REPLACING TIN BASE BABBITTS WITH OTHER BEARING MATERIAL 


Tin Base Babbitts 


There are several tin base babbitts. 
The Maritime Commission uses either 
Post Motor-marine or A.S.T.M. #2, 
while the Navy has two or more of their 
own specifications. Practically all of 
the tin base babbitts contain between 
80% and 93% tin. These tin base bab- 
bitts are generally considered to be the 
best performing and most desirable 
bearing metals obtainable for almost all 
purposes, and if it were not for the 
scarcity of tin there would have been 
no question of substituting any other 
metal for high tin base babbitt except 
under special or unusual circumstances. 


Lead Base Babbitt, Antimony— 
Arsenic Compounds 


There are a number of compounds 
using antimony and arsenic which seem 
to have overcome weak points previously 
evident in lead base babbitts, namely, 
hardness inferiority to the tin base bab- 
bitts at elevated temperatures, corrosion 


resistance and erratic performance. Two 
of these alloys are as follows: 


(a) 12%% antimony, 3% arsenic, 
%4% tin, balance lead 

(b) 15% antimony, 1% arsenic, 
1% copper, 1% tin, balance lead. 


These babbitts must be poured at tem- 
peratures considerably higher than re- 
quired for tin base babbitts, and the 
technique of handling them is slightly 
different and requires some patient at- 
tention. 


The lead base babbitts are proving so 
satisfactory that they continue to be used 
in many places. 


Other Lead Base Babbitts 


There are many other lead base bab- 
bitts, some containing small quantities 
of silver and some having alkali-hard- 
ened lead. Many people are experiment- 
ing with various lead base babbitts and 
as the tin shortage becomes more acute 
there will probably be more and more 
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lead base babbitts substituted for the tin 
base babbitts. The alkali-hardened lead 
base babbitts contain small quantities of 
calcium. There are two disadvantages 
with this alloy. (1) It has low resistance 
to corrosion in the presence of additive 
oils. (2) If the metal is melted for re- 
casting, the calcium disappears. There- 
fore, this type of babbitt cannot be 
melted out and poured back into a bear- 
ing like other babbitt metals. A small 
amount of indium alloyed with lead 
provides hardness and corrosion resist- 
ance without destroying imbedability, 
and thus produces an excellent bearing 
metal. Cadmium is another metal that 
added to lead in small quantities hardens 
it and makes it an excellent bearing 
metal. Its disadvantages are cost and 
the fact that Cadmium treated lead is 
very susceptible to corrosion. 


Substitution 


It is obviously desirable wherever 
possible to save tin by substituting a 
lead base babbitt for a tin base babbitt. 
There are some places, however, where 
such substitutions must be approached 
very carefully, for instance, the thrust 
bearings, turbine bearings, propeller 
shaft bearings, or reduction gear bear- 
ings of a battleship or other combat 
vessels are vital points and failure at a 
critical time might easily become a 


major catastrophe. Therefore, those 
responsible for designs or specifications 
should be most reluctant to depart from 
either designs or from the use of ma- 
terials which through years of service 
have shown themselves to be reliable. 
The fact that these points are vital 
should not preclude the consideration of 
changes to save tin or other critical 
metals. It merely means that the de- 
signer must be very careful and very 
sure before authorizing the change. 


Phenolic Impregnated Fabric Bearings 


A number of companies in the United 
States are producing bearings made of 
phenolic plastic impregnated fabric. 
There are many trade names, among 
them are Textolite, Micarta, Ryetex, 
Gatke, etc. These materials can be used 
in place of anti-friction metals where 
conditions permit the use of running 
water or of solvent oils as a lubricant. 
This material has excellent anti-friction 
qualities, but practically no thermal con- 
ductivity, whatever. In a place where 
it is not possible to keep it both lubri- 
cated and cooled with water, the bear- 
ing surface as well as the journal would 
soon get extremely hot and failure would 
result. The material has no imbedability 
and bits of grit or sand if present, 
would not imbed themselves as they 
would in a lead base babbitt bearing. 


SECTION TWO 


DESIGN METHODS—TO REDUCE USE OF BABBITT 


The Use of Thick Babbi’t Bearings 


For many years, particularly in heavy 
service, it has been the practice to use 
a fairly good thickness of babbitted 
bearings. From ¥% to % of an inch of 
babbitt has been quite common and 
some bearings run up to even greater 
thicknesses. The theory on which en- 
gineers provided a thick babbitt bear- 
ing was probably that first, the babbitt 


would wear and the thick layer provided 
for plenty of wear; and second, that 
babbitt was a soft metal and would act 
as a cushion, thereby absorbing shock. 
The writer would like to submit, based 
on what has been done in the automotive 
industry, that both of these assumptions 
should be definitely questioned. The 
standard automotive crank shaft bearing 
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is a hard steel back on which about 
0.005” of babbitt has been applied and 
there is seldom any question of the fail- 
ure of these babbitt bearings from wear. 
One airplane engine has a main bearing 
consisting of a steel back on which 
0.015” of silver has been deposited and 
in addition 0.001” of lead. The lead 
takes care of small inequalities in the 
journal. Another airplane engine has a 
steel backed bearing with a thin layer 
of copper-lead metal, on top of which is 
an electrolitic deposit of about 0.001” 
of lead. An English engine also has a 
copper-lead steel back bearing coated 
with as little as “40 of one thousandth 
inch of lead. These bearings with pres- 
sures running as high at times as 12,000 
to 15,000 p.s.i. and up to 5000 R.P.M. 
show very little, if any, evidence of 
wear. It should be noted that with a 
bearing of this type there is first no 
cushioning effect; and second, there 
is Minimum resistance to the transmis- 
sion of heat. A thick babbitt bearing, 
if it acts as a cushion, may be destroy- 
ing itself due to the fatigue of the metal, 
by breaking up the adhesion between the 
crystals of the metal, and thus destroy- 
ing its inter-crystalline structure. Also, 
if in such a bearing there is a tendency 
to generate heat, the babbitt, being a 
very poor conductor of heat is much 
more easily destroyed if it has a thick 
section. Obviously a section of lead 
only 4000 of an inch thick offers prac- 
tically no resistance to the transfer of 
heat. The fact that these aviation en- 
gines with their high speed and high 
bearing pressures and no cushioning 
show practically no wear, would seem 
to prove that a thin babbitted bearing 
will’ have a much longer life than a 
thick one. The conclusion, that the 
thinner the layer of babbitt is made, the 
longer the life of the bearing will be, 
is inescapable. 


Tests Showing Effect of Thickness of 
Bearing on Life 


I 
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9 
e 
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\ CRITICAL 
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200 300 
ATION OF TEST 'N HOURS 


Courtesy of the Cleveland 
Graphite Bronze Company 


The Cleveland Graphite Bronze Co. 
in cooperation with the Chrysler Corp. 
made a series of tests on steel backed 
and also on bronze backed babbitted 
bearings as well as some tests on tri- 
metal bearings (a layer of bronze on 
a steel back and babbitt on the bronze). 
A copy of the chart showing the result 
of these tests is here shown. From 
0.032 down to 0.015 there was no dif- 
ference in the life of the bearing. As 
the thickness was reduced the life in- 
creased, and below point 0.012” thick 
the rate of increase was very rapid. 


Reluctance to Use Steel Backed Thin 
Babbitted Bearing 

There is an understandable reluctance 
on the part of any conservative engineer 
to substitute a very thin babbitted bear- 
ing ni a place where a bearing with a 
thick layer of babbitt has given satisfac- 
tory service for years. This is based on 
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his fear that the babbitt will give out 
and that contact of the steel shaft on a 
ferrous liner or pedestal will score and 
destroy the shaft. It is obviously good 
practice to ruin the bearing metal which 
can easily be replaced by rebabbitting 
rather than to ruin the shaft itself. 


Use of Bronze Backed 
Babbitted Bearings 


In order to save tin, a babbitt bear- 
ing of perhaps %4” thickness might be re- 
placed by a bronze backed babbitt bear- 
ing with a section of 46” or less of 
babbitt. This would not necessarily 
mean using any babbitt different from 
the high tin base or other babbitt that 
had previously been used. Nor would 
it provide any different bearing surface 
that had previously been provided. In 
case, for any reason, the babbitt should 
fail there would be the soft bronze back- 
ing that would be a good bearing metal 
“on its own.” And a shaft would con- 
tinue to run without scoring in a bronze 
bearing at temperatures considerably 
above the melting point of babbitt. A 
conservative engineer who would be 
very reluctant to accept the responsi- 
bility of using a thinner section of bab- 
bitt on a ferrous back would frequently 
consider it safe to do so if he had the 
softer bronze back to depend upon in 
case anything happened to the babbitt. 


Suggested Composition for Bronze Back 


A bronze containing from 70% to 
85% copper and from 30% to 15% 
lead makes an excellent anti-friction 
bronze. It does not have a great deal 
of tensile strength but it is plastic and 
will accommodate itself to considerable 
distortion. The higher percentage of 
lead gives better anti-friction qualities 
to the metal and also increases the 
difficulty of getting castings without 
lead segregation. 


(See later paragraphs for further re- 
marks on these bronzes) and for their 
casting characteristics. 


Anchoring 


| 
FIGURE B. 


In many places I have found the type 
of anchor shown in figure A. The 
thickness of the anchor “Y” is usually 
about the same as the thickness of the 
babbitt “X”. In this type of anchor for 
all practical purposes the thickness of 
the babbitt would be the thickness 
shown at “X”, because if this thickness 
of babbitt were worn away, the journal 
would contact the harder back. The 
thickness “Y” is obviously of no value, 
as far as bearing service is concerned. 
But to all intents and purposes, as re- 
gards the amount of metal used, the 
thickness of the babbitt used would be 
twice “X”. The type of bearing, shown 
in Figure B would have the same thick- 
ness of bearing metal but would use 
considerably less bearing metal in the 
anchors than the type of bearing shown 
in Figure A. 
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Anchoring Unnecessary With 
Proper Bond 


If the babbitt is properly bonded either 
to a ferrous back or to a bronze back 
there should usually be no necessity for 
anchors. Automotive bearings have no 
mechanical bond and almost any auto- 
motive bearing can be put into a vise 
and twisted without breaking the bond 
between the babbitt and the steel. (The 
Research Laboratories Division of the 
General Motors Corporation suggested 
that the word “almost” might well be 
omitted. ) 


Bonding on a Bronze Back 


Successful bonding depends on metic- 
ulous cleanliness. In applying babbitt 
to bronze backed automotive bearings, 
the metal is first thoroughly cleaned 
with an alkaline solution to remove all 
traces of oil or grease. It is then 
pickled, perhaps in dilute muriatic acid, 
and then tinned. When a large bronze 
shell is to be babbitted, a shell such as 
is used on a railroad journal bearing, a 
recommended procedure would be as fol- 
lows: The bronze shell is rough turned 
in a lathe and immediately coated with 
a flux such as any of the commercial 
solder pastes or compounds. This pro- 
tects the surface from oxidation until 
it can be tinned either with pure tin, 
with tin-lead solder or with one of the 
acceptable commercial tinning com- 
pounds. If the babbitt can be imme- 
diately poured a good bond will be ob- 
tained. If not, the tin will very quickly 
acquire a yellowish hue due to oxida- 
tion. In this case, before tinning, treat- 
ment with a salamoniac will remove the 
oxide. The salamoniac should then be 
washed off, preferably with a steam 
hose and the babbitt immediately poured. 
If the babbitt can be centrifugally cast 
so much the better. Even after all these 


precautions have been taken the bond 
can be ruined by improper chilling. If 
chilled from the inner surface the bear- 
ing surface shrinks away from the back- 
ing while babbitt is still fluid resulting 
in porousity and cleavage. The bearing 
should ALWAYS be chilled from the 
back. 


Bonding an a Malleable or 
Cast Iron Back 


Time was when it was considered 
impossible to bond bearing metal on to 
a cast or malleable iron back. The free 
carbon or graphite on the iron surface 
is what gives iron a greasy feeling and 
prevents a satisfactory bond. 


The next improvement was to remove 
much if not most of this free carbon by 
grit blasting. (Not sand or shot blasting 
which would pound the carbon in)— 
immediate wire brushing and fluxing 
had to follow. This however did not re- 
move all the carbon. Then the Kolene 
process came along. This removes all 
the surface carbon. The iron back is 
placed in a molten salt bath at a tem- 
perature of 760° to 800°. This not only 
takes out the free graphite but also 
tends to de-carburize the surface; it 
also oxidizes the surface and this oxide 
must be removed. So the iron is rinsed 
and dipped in a hot alkaline bath, the 
oxide is thus dissolved off the surface. 
Another rinse and a dip, into a 10% 
solution of HC) will neutralize any re- 
maining oxide. Immediate coating with 
flux prepares the surface for babbitting. 
Copper plating or brazing of the sur- 
face (preferably in a hydrogen furnace) 
will insure a good bond. 


Bonding on a Steel Back 


A similar procedure is effective in 
obtaining a bond on a steel back. If 
any oil has been used as a cutting com- 
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pound the surface should be washed in 
an alkaline solution and preferably then 
pickled. If this is not done even small 
quantities of oil may collect on the sur- 
face of the pickling solution and re- 
deposit on the bearing when it is re- 
moved from the bath. The point is that 
absolute cleanliness is necessary before 
tinning in order to secure perfect bond. 
After the surface is tinned the babbitt 
should be either poured at once or the 
tin oxide removed with salamoniac. The 
Kolene process described above is also 
applicable to steel backs. 


Symmetry Not Essential 


It is quite natural for an engineer 
designing a bearing to make it sym- 
metrical top and bottom. The forces on 
a bearing can be resolved in a single 
direction. Often this resolved force will 
be a small amount, perhaps ten to fif- 
teen degrees off bottom center when the 
shaft is revolving in one direction. 
Often when the machinery is reversed 
such as in the case of reduction gear 
bearings on a marine propulsion job, 
the direction of the resolved force will 
be about the same angle on the other 
side of the center and not 180 degrees 
away. Obviously, in such cases or in 
cases where the bearing merely carries 
a heavy weight, the pressure is always 
in one direction. Therefore, in such 
cases, especially where centrifugal cast- 
ing of the babbitt is possible, it is en- 
tirely practical to use a very thin film 
of babbitt, perhaps %4” for the non- 
pressure half of the bearing. (See fig- 
ure in opposite column.) To do this it 
is only nécessary to put two caps to- 
gether and bore the hole %2” larger 
than the shaft diameter. Two pressure 
halves can often be bored together in the 
same way. 


Special Conditions Not Appropriate to 
Bronze Backed Bearings 


The reason or perhaps the excuse for 
a bronze backed bearing is the idea that 


if the babbitt is destroyed or wears 
through, a bearing bronze is provided 
to insure against steel on steel. In the 
case of extreme speeds such as are at- 
tained in high speed turbines the pe- 
ripheral speed should be carefully con- 
sidered because if it is too high, bronze 
is very prone to seize and score the 
shaft. 


Eccentric Babbitt Section 


Assuming that a designing engineer 
decided on a certain necessary thickness 
of babbitt, let us say one-half inch, and 
assuming that he considered it desirable 
to save tin by using very thin babbitt 
lining in the cap, a further method of 
eliminating unnecessary babbitt is shown 


in the illustration. In boring the lower 
half of the bearing, instead of boring it 
concentric with the journal, drop the 
center from center a, perhaps %e to 
center b, and increase the radius %e”. 
This gives the same half-inch thickness 
of babbitt at the bottom of bearing, but 
at the sides of the bearing the thickness 
is very materially reduced. If necessary 
a hole can be drilled in one side “c,” 
to be used as a gate in pouring the 
babbitt. This moon shaped section fte- 
quently saves considerable bearing metal 
without in any way impairing the effec- 
tiveness of the bearing. 


Re-babbitting 


In a shop where the babbit is cen- 
trifugally cast there is no difficulty in 
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getting as thin a layer of babbitt as de- 
sired. Where the babbitt is cast around 
a mandril there should be no difficulty 
in pouring the babbitt if both the man- 
dril and the shell are heated to a proper 
temperature. It is conceivable however 
that it might be difficult to pour in a 
situation that would be presented for 
instance, in re-babbitting a long shaft 
bearing, where it was impractical to 
take out the shaft and use a mandril, 
and where it would be dangerous to 
attempt to heat the shaft with a flame. 
It is suggested that in such a case, 
especially if superheated steam were 
available, both the shell and the shaft 
should be heated to 300 or 400 degrees 
or more. This works very effectively, 
as far as pouring the babbitt is con- 
cerned, and without any danger to the 
shaft itself. If there is difficulty because 
of the tendency of the babbitt to bond 
itself to the mandril, it is suggested that 
the mandril be painted with colloidal 
graphite suspended in carbon tetra- 
chloride, or coated with graphite or 
grease. 


Heat Transfer and Air Gaps 


The subject of heat transfer especially 
in bearings is one that should be given 
consideration. Whenever a journal or 
shaft is rotated in a bearing heat is 
generated, and unless provision is made 
to carry the heat away as rapidly as it 
is generated, the temperature builds up. 
Of course, the generation of heat in- 
creases the temperature. This in turn in- 
creases the flow of heat until a balance 
is reached. The generation of heat can 
be controlled by proper selection of anti- 
friction metal and by proper lubrication. 
The selection of materials for the back- 
ings should not be made without giving 
some consideration to the ability of the 
metal to carry away the heat, that is, 
its thermal conductivity. In this con- 
nection, it should be remembered that 
an air gap is a very effective insulator 
and therefore a barrier to heat transfer. 
In building Liberty motors in first 


World War, an attempt was made to 
use an aluminum cylinder with a fer- 
rous liner. Both the liner and the cylin- 
der were carefully machined and the 
liner was pressed into place. In spite of 
the close fit, this air gap offered such 
a high resistance to heat transfer as to 
make its design ineffective. A steel bar 
with a crack that can only be seen in a 
microscope can be heated to a cherry 
red on one side of the crack and remain 
black on the other side. Heat can only 
be transferred freely from one metal to 
another if there is a thermal bond, a 
soldered, brazed, welded or tinned joint. 
In a situation where an air gap is in- 
escapable the problem of heat transfer 
can be met with a heat drain. One end 
of a piece of copper wire or cable can 
be soldered to the bearing and the other 
end to a member whose area and posi- 
tion enables it to disperse the heat by 
radiation. In this way the air gap can 
be short-circuited and the bearing kept 
cool. 


Spraying 


I have discussed the subject of spray- 
ing babbitt on to either a ferrous or 
non-ferrous back with several people. 
They all agree that this method pro- 
duces an excellent bond but each one 
informs me that the spraying seems to 
embrittle the metal to a point that ma- 
terially reduces its value as a bearing 
metal. 


Facing a Lead Base Babbitt 
With a Tin Base Babbitt 


Obviously it is very desirable to save 
tin by substituting a lead base babbitt 
for a tin base babbitt. Two of the prin- 
cipal advantages of the tin base babbitt 
are that it is harder and has a higher 
resistance against corrosion. Where a 
fairly thick layer of babbitt is desired 
it is suggested that consideration be 
given to pouring the lead base babbitt 
first and then applying a facing or thin 
coat of tin base babbitt. This would 
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provide the hard, corrosion-resistant 
wearing surface desired. There would 
be no difficulty in getting a satisfactory 
bond between the lead base and the tin 
base babbitts. 


Length of Bearings 


The unit pressure of a bearing can 
be reduced by increasing its length. Ob- 
viously a bearing two diameters long 
will carry half the p.s.i. of the same 
bearing one diameter in length. This 
however is usually not an advantage. 
The bending (distortion) of the shaft 
under stress causes  bell-mouthing. 
Especially where clearances are in tenths 
of a thousand of an inch, length is a 
distinct disadvantage in a bearing. Gen- 
erally speaking, a bearing will give bet- 
ter service if it is not over one diameter 
in length, even though this may increase 
the unit pressure. As in many installa- 
tions % or % of the diameter will give 
the longest bearing life. Even a minor 
load on a shaft will cause a minute dis- 
tortion. 


Oil Grooves 

The shape, depth, width, length and 
position of oil grooves is a matter of 
utmost importance. The automotive in- 
dustry has spent much time and money 


in experiments to determine the best 
design for oil grooves under different 
conditions. The oil pressure that is 
built up between the journal and the 
surface of the bearing creates the film 
that prevents wear and trouble. This 
pressure is high at the middle of the 
bearing, and runs down to nothing at 
its ends, and obviously the pressure is 
higher at the point of highest load 
which is usually the top or bottom of 
the bearing. The edges of the oil grooves 
should be rounded and not sharp. And 
wedge-shaped spaces at the sides help 
the shaft to pick up the oil and force 
it into the higher pressure areas. Any 
oil groove that passes through the area 
of high pressure materially reduces the 
efficiency of the bearing. The purpose of 
the oil groove is to lead the oil to the 
point at which the journal can pick it 
up and carry it around. A groove in 
the low pressure area parallel to the 
shaft will act as a trap or scraper 
groove and will pick up most of the 
foreign matter, grit, etc., that might 
otherwise cause trouble. Where it is 
necessary to run a groove circumferen- 
tially around a bearing it creates two 
pressure areas instead of one. Both 
study and experimentation are worth- 
while in determining how and where 
to place the oil groove. 


SECTION THREE 


TIN BEARING BRONZES 


General Character of 
Following Comments 


The paragraphs comprising sections 
three and four are to be considered 
merely comments on various metals. 
These comments are intended to be only 
of a general nature, referring to classes 
of alloys and not to exact or definite 
specification. The American Society For 
Testing Materials has published numer- 


ous specifications and has made recom-. 
mendations for emergency alternates 
during the first World War. Engineers 
and designers in considering the follow- 
ing paragraphs should always refer to 
definite specifications published by. either 
the A.S.T.M., branches of the’: Govern- 
ment, or. hel recognized authorities. 
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Gun Metal (Composition “G”) 


Gun metal is a strong, tough, readily 
cast and readily machinable bronze alloy. 
The traditional analysis is 88% copper, 
10% tin and 2% zinc. The analysis that 
should be most frequently used is 88%, 
8% and 4%. Generally both of these 
metals will give an ultimate tensile 
strength of 40,000 to 55,000 p.s.i, a 
yield point of 18,000 to 26,000 p.s.i., and 
an elongation of 18-55%. An outstand- 
ing characteristic of this metal is its 
corrosion resistance, especially in the 
presence of still or running salt water. 
The metal is soft, having a Brinell 
hardness of about 60 to 70. Gun metal 
has a very low thermal conductivity, 
0.0150 as compared with 0.923 for pure 
copper. Because of its resistance to salt 
water and the ease with which it can be 
cast and machined, this alloy has been 
very extensively used. Every effort 
should be made to discontinue its use 
because of the amount of tin it contains. 
For most marine and naval uses com- 
position “M” can be substituted where 
resistance to salt water is required. The 
only place where composition “G” 
should be used is where resistance to 
salt water must be provided and where 
the design is such that the additional 
strength of “G” over “M” is necessary. 
Occasionally, a very intricate casting 
that might be impossible to cast in 
manganese bronze or silicon bronze 
might require composition “G” or “M”. 
This metal is extensively used for bear- 
ings in naval ordnance. 


Composition “M” 


Another analysis that shows great re- 
sistance to corrosion in salt water is 
88% copper, 6% tin, 14%4% lead, and 
4-414% zinc. This will have an ultimate 
tensile strength of 34,000 to 50,000 p.s.i. 
A yield point of 15,000 to 21,000 p.s.i., 
and an elongation that will run from 
12% to 35%. This alloy is extremely 
easy to handle in the foundry and very 
easily machined. It is a very desirable 


alloy to use in place of Composition “G”. 
This metal is comparatively soft. Its 
Brinell is 60-72, thermal conductivity 
0.195, or somewhat better than Com- 
position “G”. The outstanding feature 
of Composition “M” is that it main- 
tains its stiffness and its physical char- 
acteristics at fairly high temperatures 
and can be used for pressure tight cast- 
ings where high temperatures are en- 
countered, such as in valves for super- 
heated steam. 


Hydraulic Bronze 


Another very generally used specifica- 
tion is 85% copper, 5% tin, 5% lead 
and 5% zinc. This alloy will show an 
ultimate tensile strength of about 30,000 
to 45,000 p.s.i., a yield of about 14,000 
to 24,000 p.s.i., and an elongation of 
15% to 35%. The Brinell hardness is 
55-65. This alloy is extremely easy to 
handle both in the foundry and ma- 
chine shop. It has an excellent corro- 
sion resistance to salt water and other 
elements. It is also a dense material 
and suitable for pressure-tight castings, 
such as in high pressure water valves 
and connections. It, however, is not 
nearly so good as composition “M” at 
high temperatures. 


5% Tin Required in Salt Water 


With the exception of the manganese 
bronzes it can be generally stated that a 
minimum of 5% of tin is necessary in a 
copper alloy to insure satisfactory cor- 
rosion resistance in salt water. 


Composition “H” 


This is an alloy containing about 83% 
copper, 13% tin, 3% zinc, 1% lead. It 
has excellent physical characteristics. 
This alloy will give an ultimate tensile 
strength of 28,000 to 32,000 p.s.i., and 
from 10-20% elongation. It is an excel- 
lent bearing metal where slow speeds 
and heavy pressures are encountered. 
Reducing the zinc will increase its anti- 
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friction qualities. This is a close grained, 
rather brittle metal and particularly well 
suited for pressure-tight castings but not 
at high temperatures. Its Brinell hard- 
ness is 60 to 70. When nickel is avail- 
able—_14%4% nickel replacing 14% tin 
materially increases both strength and 
bearing qualities. 


Phosphor Bronze 


There are two general kinds of phos- 
phor bronze, cast and wrought. The 
base of cast phosphor bronze is 80% 
copper, 10% tin and 10% lead. A 
modification of this type is 84% copper, 
8% tin and 8% lead. The usual wrought 
phosphor bronze is 5%, 8% or 10% 
tin, the balance copper. The addition of 
enough phosphorus is made to deoxi- 
dize the metal, and leave a residual of 
from one-quarter to one-half percent of 
phosphorus. This hardens the alloy, 
somewhat, embrittles it, and cuts down 
its elongation. The hardness of phosphor 
bronze makes it a very good wearing 
metal available for uses such as gears 
where a low speed, high pressure bear- 
ing is desired. Cast phosphor bronze 
will show physical characteristics some- 


what below Composition “G”. A phos- 
pher bronze containing 96% copper, 4% 
tin and 0.3% phosphorus is a good 
alloy. Some phosphor bronzes can be 
rolled or drawn and make excellent 
springs where ferrous springs would be 
subject to corrosion. An ultimate ten- 
sile strength of 130,000 p.s.i. can be 
obtained on thin sections. Brinell hard- 
ness approaching 300 are obtainable. 
Reduction of the tin content makes it 
easier to forge or roll the metal. The 
higher the tin content the greater is 
the strength obtainable. 


Tin-Bearing Bronzes 
Should Be Avoided 


There are, of course, many places 
where the peculiar characteristics of tin- 
bearing bronzes make their use essen- 
tial, but there are also many places 
where these bronzes have been generally 
used and where other bronzes that do 
not contain tin can be used to replace 
them. Engineers, in writing specifica- 
tions for the duration of the emergency, 
should be very careful to use the tin- 
bearing bronzes only where there is no 
acceptable substitute. 


SECTION FOUR 


BRASSES AND BRONZES WITH LITTLE OR NO TIN 
AND FERROUS METALS 


Silicon Bronze 


Copper silicon alloys containing up to 
5% silicon are very acceptable substi- 
tutes for tin-bearing bronzes in some 
places. A number of copper silicon 
alloys have been patented, and while 
some of the patents have expired, this 
situation should be checked where cop- 
per silicon alloys are specified. Al- 
though they are not covered by many 
accepted standard specifications the use 
of 5% to 16% zinc combined with man- 
ganese up to 1%4%, silicon up to 5%, 
iron up to 2%4%, and tin up to 2% 
will develop physical values very much 
in excess of the tin bronzes. Tensile 


strengths of 50,000 to 75,000 Ibs. with 
20% elongation are not uncommon. The 
silicon alloys are difficult to handle in 
the foundry and not as easily machined 
as the tin alloys. The addition of a very 
small amount of lead will facilitate both 
machining and casting, but will reduce 
the physicals. Silicon bronzes require 
that the foundry be much more liberal 
in the use of risers; at least one riser 
for every boss on the casting is neces- 
sary. Gates and sprues must usually be 
larger, which of course, decreases the 
yield per ton of cast metal. It is possi- 
ble to produce intricate castings of sili- 
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con: bronzes if the risers and gates are 
carefully planned and are adequate in 
number and size. Chills must be used 
freely. The shrink characteristics are 
unpredictable, and on any intricate cast- 
ing it is usually necessary to make and 
study experimental castings. Silicon 
bronzes in general are an excellent sub- 
stitute for bronzes containing tin, and 
frequently, because the iron so increases 
the physical characteristics, sections can 
be cut down and the weight of the cast- 
ing reduced and copper saved. Silicon 
bronzes are hard, the Brinell runs from 
100-130. It should be remembered that 
the presence of silicon in a bronze alloy 
ruins its qualities as a bearing metal, as 
well as its thermal and electrical con- 
ductivity. The thermal conductivity of 
silicon bronzes run from 0.08 to 0.11. 
Silicon bronze will not stand up in salt 
water. 


Manganese Bronze 


Commercial manganese bronze should 
perhaps strictly be called manganese 
brass. Its base is 60% copper and 40% 
zinc. The addition of 3% or 4% of 
manganese toughens the metal and de- 
oxidizes it. In some manganese bronzes 
only a trace of manganese is left in the 
metal. A small amount of iron gives it 
considerable strength. There is no diffi- 
culty getting an ultimate of tensile 
strength from 65,000 to 75,000 p.s.i. The 
yield point is fairly low, 25,000 to 40,000 
p.s.i and the elongation varies from 
8% to 35% according to the strength; 
20% to 25% is normal. 60% copper, 
37% zinc, 3% manganese is a standard 
bronze for marine propeller use. Man- 
ganese bronze is not easy to handle in 
the foundry, and is a little difficult to 
machine. Lead up to 3% does not too 
greatly impair physicals, makes it some- 
what easier to handle in the foundry, 
increases machinability, and more im- 
portant, makes copper scrap usable in 
producing the alloy. Increasing the 
copper to 6674% and decreasing the zinc 
to 334% makes the metal much easier 


to handle both in the foundry and in the 
shop, but reduces the physical proper- 
ties. Manganese bronze is corrosion re- 
sistant in salt water and is an excellent 
substitute for tin-bearing bronze where 
salt water, salt water spray or other cor- 
rosive conditions are encountered. With 
a little iron, tensile strengths up to 
130,000 p.s.i., and Brinells of 150 to 200 
are easily obtainable. The metal is usu- 
ally porous and should not be used for 
pressure-tight castings. An interesting 
feature of manganese bronze is that its 
thermal conductivity is 0.241, nearly 
twice that of other bronzes. Manganese 
bronzes have the advantage of great 
strength and ductility, resistance to cor- 
rosion, and the additional advantage that 
they conserve both tin and copper. 


Navy Brass 


A typical navy brass for sand cast- 
ings is 60% to 67% copper, sometimes 
1% to 0.3% lead, 1% tin and the bal- 
ance zinc. In general, navy brass has 
physical characteristics about the same 
as hydraulic bronze. (Eighty-five and 
Three Fives.) The metal is easy to cast, 
it is easy to machine, has the advantage 
that it conserves copper as well as tin, 
and is a very desirable metal to use 
wherever just a bronze casting is re- 
quired. It offers fair resistance to salt 
water and can be used where there is 
occasional salt spray or even occasional 
drenching with salt water. This metal 
should not be used for bearings. 


Copper-Lead Bronzes 


Alloys from 70% to 85% copper and 
from 30% to 15% of lead have a very 
high anti-friction quality. Sixty percent 
copper and forty percent lead is even bet- 
ter, but much more difficult to cast. These 
bronzes are not stable. The higher the 
percentage of lead the more unstable the 
metal. The tendency of the lead will be 
to segregate, and segregated areas of 
lead on the surface of a bearing are 
very liable to seize and score the shaft. 
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And segregation of the lead materially 
decreases the load carrying capacity 
and the strength of the bearing. In order 
to prevent the segregation of the lead it 
is necessary to keep the metal agitated 
in the pot and to keep the temperature 
down to 2100°F., and preferably closer 
to 2000°F. Quick chilling will help 
greatly in this respect. 


If the mould is carefully designed, 
and if chills are used in order to assure 
that the casting will be cooled uniformly 
and quickly, the danger of segregation 
is materially reduced. This metal is not 
very strong, tensile strengths of ap- 
proximately 20,000 p.s.i. are obtainable. 
The metal is hot short at about 600°, 
but not quite so hot short as it is if 
tin is added. The addition of small 
quantities of tin, while it gives added 
strength, greatly impairs anti-friction 
quality of the metal. The addition of 
zinc to a bronze of this sort will also 
definitely increase its strength. In addi- 
tion, zinc will make it very much more 
susceptible to corrosion from impure or 
lard base oils. These copper-lead bronzes 
have practically no elongation, but they 
are softer and more plastic than the 
bronzes containing tin. 


Bearing Characteristics of 
Copper-Lead Bronze 


Generally speaking, a bronze contain- 
ing 40% lead and 60% copper is the 
best bearing metal of this type. As the 
lead is decreased and the copper in- 
creased the non-score quality is de- 
creased. The addition of tin, and in 
fact any other metal that adds hardness 
and strength, will decrease the value of 
the metal as a bearing metal. For 
heavily loaded main bearings or for con- 
necting rod bearings of internal com- 
bustion engine the copper-lead bronzes 
are excellent. For high speed bushings 
of small diameter where lubrication is 
not well maintained, the addition of a 
small amount of tin as a substitute for 
some of the lead is desirable. For 
moderate speeds with small bushings a 


small amount of zinc is helpful. For 
instance, an alloy containing 83%-88% 
copper, 444% to 7% tin, 34%% zinc, 
4%-7% lead, gives excellent service. 
For heavily loaded bearings where the 
lubrication is well maintained and where 
the motion is slow or oscillating, such 
as would occur in a heavily loaded wrist 
pin, stronger metal such as 88% copper, 
10% tin and 2% zinc make excellent 
bearings. 


Copper-Aluminum Alloys 


Generally speaking, the addition of 
aluminum and iron to copper gives con- 
siderable added strength and hardness. 
Aluminum bronzes contain from 5%- 
11% of aluminum, from 1%-5% of iron 
and the balance copper. The higher 
percentages of aluminum and iron give 
high physical characteristics. As cast, 
this metal will run up as high as 80,000 
p.s.i. ultimate tensile and when heat 
treated or forged it runs up higher. It 
is not easy to cast. It has a Brinell 
hardness of 100 to 200. This metal 
shows high resistance to wear. The 
outstanding feature of ferric aluminum 
bronzes is that they retain their strength 
at high temperatures. Scarcity of alumi- 
num is not an insurmountable barrier to 
the use of aluminum bronze since sec- 
ondary aluminum can be used. 


Phenolic Varnish 


Phenolic varnish can be used with 
good results to counteract porosity and 
to prevent corrosion in bronze castings. 
When the metal is warmed enough to 
dry it thoroughly and sprayed with a 
low oil base phenolic varnish, the var- 
nish will be absorbed into the pores of 
the cooling metal. If this is done just 
before the final machining the varnish 
that gets into the pores will serve to 
make what might often be a porous 
casting tight against lower pressures, 
and sometimes such a use of phenolic 
varnish will help materially to prevent 
corrosion. 
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Malleable Iron 


Malleable iron is not nearly as critical 
a material as copper, and it not only 
can often be substituted for bronze but 
should be so substituted wherever pos- 
sible. Its ductility and resistance to 
shock compares favorably to bronze. The 
normal physicals are approximately in 
the same class as those of composition 
“G”. Pearlitic malleable irons with 
their arrested annealing will develop a 
strength from 50,000 to 70,000 p.s.i. 
Malleable iron has a thermal conductiv- 
ity of 0.15. Malleable iron is so much 
less critical than the non-ferrous metals 
that engineers should give this metal 
every possible consideration. 


Cast Iron 


The thermal conductivity of cast iron 
is 0.13. There are many grades of cast 
iron having a wide range of physical 
characteristics. Cast iron is brittle and 
should never be used where it is likely 
to be exposed to the shock of explo- 
sions. One type of cast iron is Ductile 
Iron controlled by a patent. It is made 
with nickel and magnesium—practi- 
cally none of the magnesium and up 
to 4% or 5% of the nickel remains in 
the finished casting. The resulting iron 
has a pearlitic structure. The carbon 
is retained in nodular form. Tensile 
strengths of 65,000 to 125,000 Ibs. are 
obtainable against a maximum of about 
65,000 for regular iron. Elongation of 
5% to 20% is a characteristic against 
no elongation for ordinary iron. There 
are many places where ductile iron can 
be profitably substituted for cast steel. 


Porous Bearings of Sintered 
Bronze or Iron 

A number of companies are manufac- 
turing this type of bearing, particularly 
for smaller bearings. The bearing is 


made by sintering powdered metal in a 
die in such a way as to produce a very 


porous mass. It is said to absorb 


enough oil to take care of lubrication 
for a reasonable length of time if the 
regular oil feed should fail. The use of 
this type of bearing metal made from 
a bronze containing no tin, or from 
iron, can be very economical as far as 
the use of critical materials is concerned, 
and should receive the consideration of 
engineers both for manufactured prod- 
ucts and as replacement bearings. 


Ferrous Back Babbitted Bearings 


Tin and copper can be saved by sub- 
stituting for a thick tin base babbitt 
bearing, a malleable or forged steel back 
into which has been cast a moon-shaped 
segment of bronze, preferably of the 
copper-lead type. The bronze surface 
can then be babbitted with a thin coat 
of whatever kind of babbitt is best suited 
for the service required. Such a bearing 
has an excellent babbitt surface for the 
journal to run on, and in case anything 
does happen to the babbitt, it has a 
bronze back to fall back on, a bronze 
back which is in itself a good bearing 
metal. The steel or malleable back would 
be lighter, cheaper and stronger than 
the bronze. If bronze is poured into a 
bearing, heated to a temperature near 
the melting point of the bronze, an ex- 
cellent thermal bond between the bronze 
and the ferrous metal is easily obtain- 
able. Mechanical anchors can also be 
used if desired. In the case of malleable, 
the bronze should be poured before the 
castings are annealed, then the casting 
can be annealed with the bronze insert; 
otherwise, the malleable will revert to 
cast iron. In such cases no more than 
15% lead should be used and whatever 
lead is sweated out on the surface dur- 
ing the annealing should be scraped or 
machined off. 
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SECTION FIVE 


SOLDER 


Solder With Lower Tin Content 


Solder uses a considerable amount of 
tin. In normal times 50% tin and 50% 
lead is a very popular solder ratio. Re- 
ducing the tin and increasing the lead 
content is a conservation measure. 


Difficulties 


Many people have had poor results 
with tests of solder having a low tin 
content. When imperfect joints resulted, 
they reverted to the 50-50 solder. It is 
probable that much of this difficulty 
stems from a lack of understanding of 
why the parts should be kept immo- 
bilized for a longer time. 


Requirements For a Good Joint 


A satisfactory joint requires that the 
solder shall be liquid—that the parts to 
be soldered shall be at least as hot as 
the liquid solder and that the parts be 
prevented from moving until the solder 
is in the solid state. 


Solid, Plastic and Liquid States 


Tin-lead alloys containing from 10% 
to 98% tin become solid at 361°F. An 
alloy with 62% tin goes directly from 
the solid to the liquid state at 361°F. 
Any other tin content means a plastic 
state between the solid state and the 
liquid state. As the tin content in- 
creases from 62% to 98% the liquid 
(melting) point gradually increases to 
440°F. As the tin content decreases 
down to 10% the melting point increases 
to 572°F. 


Cooling Time 


Since it is necessary to keep the sol- 
dered parts from moving until the solder 
is solid, and since the range of cooling 
increases as the tin content decreases, 
it follows that the lower the tin content 
the longer is the time during which the 
parts must remain immobilized. 


Mere Solder Necessary 


Under some conditions a larger quan- 
tity of solder will be required if a solder 
with a lower tin content is used. There 
is no economy in the lower percentage 
of tin if a larger total amount of tin is 
used. 


Silver 


2% to 5% of silver and the balance 
lead. Makes a good solder—but with a 
higher melting point. Small amounts of 
silver in a low tin solder also helps, to 
make a strong solder and a good joint. 
Even 5% of silver does not make an 
important difference in the cost. 


Bismuth 


A small amount of Bismuth will ma- 
terially reduce the melting point of 
solder. 


Electrical Conductivity 


Sometimes alloys are chosen that are 
required to carry electrical current, and 
in such cases the electrical conductivity 
of the various alloys is important. The 
following are the approximate electrical 
conductivities of some usual metals 
based on copper as 100: 

85, 5, 5 and 5 16.4 
Composition G 13.5 
Silicon Bronze 6.5 to 15 
Manganese Bronze 24 


Malleable Iron 5.4 
Cast Iron 2 to 12 
Steel 3 to 15 
Lead 7.8 
Nickel 16 
Silver 106.4 
Tin 15 

Zinc 30 
Monel 4 


Estimates of the electrical conductiv- 
ity of alloys based on the known elec- 
trical conductivity of the separate con- 
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stituent metals should never be at- 
tempted because there is absolutely no 
correlation. The above data on elec- 
trical conductivity should be considered 
relative because the conductivity varies 
with the temperature. 


Thermal Conductivity 


Based on BTU per hour per square 
foot per degree Fahrenheit per foot 
thick, copper is rated 238. and silver 
258. 


Reducing this to a basis of silver as 
100, the following is a guide to the 
thermal conductivity of various metals: 


Copper 92.3 
Composition M 19.5 
85-5-5 and 5 13.1 
Composition G 15 
Manganese Bronze 24.1 

Si. Bronze 8 to 11.7 
Navy Brass 
Aluminum 32.9 
Nickel 13.3 

Tin 13.5 


Lead 7.8 
Cast Iron 14 

Malleable Iron 15.5 
Monel 55 
Steel 9.7 


Estimates of thermal conductivity of 
alloys based on the known thermal con- 
ductivity of the separate constituent 
metals should never be attempted be- 
cause there is no correlation. The ther- 
mal conductivity of an alloy will always 
be much lower than the weighted aver- 
age of the conductivities of the con- 
stituent metals. 


Brinell Hardness 


The Brinell hardness of various com- 
positions is as follows: 


Gun Metal Composition “G” 60- 70 
Composition “M” 60- 72 
85-5-5 and 5 52- 65 
Phosphor Bronze up to 300 
Silicon Bronze 100 - 130 
Manganese Bronze 150 - 200 
Copper-Aluminum 100 - 200 


CONCLUSION 


It is expected that readers of this re- 
port will consider its statements merely 
as guides and that they will themselves 
check up on all data given through 
sources available to them. The com- 
ments regarding various bronzes cov- 
ered in Sections 3 and 4 have been col- 
lected from many sources. Every effort 
has been made to check the accuracy of 
all statements. Readers of this report, 


however, should themselves refer to 
specifications published by recognized 
authorities. It is not intended in this 
report to imply that the suggestions 
contained will apply to every situation. 
Items judged significant were selected 
for mention because it seemed that they 
would probably apply and be worthy of 
consideration in many different situa- 
tions. 
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INTRODUCTION 


Modern design engineering is largely 
a group effort; one in which the group 
is very small compared to the produc- 
tion force. It is a task in which, for 
example, three hundred engineers evolve 
material which initiates and directs the 
labor of six thousand others building a 
complex warship in a Naval shipyard. 
In industry, less than five percent of 
the employees conceive and specify the 
products fabricated in enormous corpora- 
tions. All Naval officers are, at some 
time in their careers, associated with 
design or design problems; civilians in 
a technical industry need to be acquainted 
with that part of their organization 
which initiates its product. 

Since a misdirected effort, a poor 
design, or a mistake, by so few affects 
so many, a close look at design organi- 
zations and their personnel will enable 
us to understand ad use them better. 


In a technological nation, whose sur- 
vival depends upon the excellence of its 
engineering, the design engineer and 
his organization are vital cogs. They 
translate the laws of the scientist into 
the needs of the operator and consumer. 
Any deterioration of quality in this field 
will immediately spread tenfold into 
poor products, higher costs, unnecessary 
production effort, and a fatal lag in the 
output of advanced material. In this 
article attention will be focused on the 
basic principles and needs of design 
organizations, the types of people who 
work in them, and finally the integration 
of both into a living organism. Let us 
look first at the environment in which 
design engineering on a large scale is 
done and see if there are certain factors 
which must be present in all successful 
organizations. 


475 


| 
| 
3 
4 
q 
| 


DESIGN ORGANIZATION 


i 
: 
a 
2 
j 
476 
¥ 


DESIGN ORGANIZATION 


SECTION I—THE DESIGN PROCESS 
The Creative Function 


The purpose of a design organization 
is to create a usable product and tell 
others enough facts so that the product 
can be manufactured, assembled, tested, 
operated, and fitted into an arrangement 
of other products. This simple definition 
contains many pitfalls to trap the un- 
wary—the most significant words are 
create and tell. If a Design organiza- 
tion is divested of any of the above 
fundamentals its product will suffer. 
Too often designers are diverted into 
tasks which others can do equally well— 
to the detriment of scarce engineering 
manpower. 

Given a complex task, how does a 
Design Organization create? It is in- 
teresting to note that design uses a dif- 
ferent approach than research. The de- 
signer does not proceed by the scientific 
method of assembling facts, fitting them 
to a theory, and, by testing against fur- 
ther facts, deduce a law. The designer 
and his organization know what the 
end result should be—it is their task to 
build this end result from the facts 
already available to them. The end 
product is new; the many bases from 
which it is built are old. This explains 
why education, experience and varied 
talents are so necessary to achieve the 
best designs, particularly if the end re- 
sult is as complex as a warship or an 
automobile. Creation, however, is not 
solely a mechanical assembling of knowl- 
edge into a new whole—it involves and 
must have available to it imagination. 
The organization must have personnel 
who can visualize an unknown or it will 
create nothing and merely copy or twist 
other products into variations of the old. 

Assuming a complex design, so as to 
embrace all factors, the following meth- 
od of successive approximations seems 


to fit observation of most design organi- 
zations at work. The end product is 
visualized as a whole, within whatever 
space, weight, speed relation, and uses 
have been specified. The system and 
components which might achieve the 
specified whole are identified and sepa- 
rate studies are made on each. Such 
calculations as are needed are used to 
test feasibility and establish strength of 
the system and components. The com- 
ponents are then fed back into the ap- 
proximation of the whole. Their sum 
total usually does not achieve the desired 
result and another series of studies is 
made changing the system or com- 
ponents so that they change in the direc- 
tion of reducing the error in the desired 
result. At this point judgment must be 
used—in many cases the result cannot be 
achieved and it is more feasible to 
change the desired whole slightly than 
to use endless time, money, and effort 
to attempt a result which is not prac- 
tical. This is often the case in ship- 
building when a poor compromise has 
been made in the specifications given the 
designers regarding speed, displacement, 
cruising range, and functional com- 
ponents. If the organization assumes a 
spirit of approximation in working out 
a design, even of a simple component, 
it will avoid rigidity, overstressing of 
one part of the whole, and the fatal 
error of proceeding firmly along many 
lines too soon, only to find that one 
laggard component cannot be fitted into 
the whole and thus all past effort is 
useless. 


Creative design takes knowledge, 
imagination, patience, and work—no 
flashes of intuitive invention will pro- 
duce a B-29! 
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Putting Ideas on Paper 


During the creative process the or- 
ganization must put its thoughts on 
paper—first to enable its own approxi- 
mations to be fitted to that of others 
and secondly so that the end products 
can be produced. Many people and some 
organizations ignore the importance of 
this phase—the “telling” by means of 
plans, specifications, instruction pam- 
phlets or work orders. 


The organization must, therefore, have 
skilled personnel who are able to reduce 
sketches, calculations and ideas to clear 
readable blueprints. Good drafting is 
not just drawing. It requires engineer- 
ing skill, knowledge of materials, and 
a three-dimensional mind. Later when 
we discuss personnel this problem of 
drafting will assume the proportion of 
a large problem, as the area between 
drafting and engineering is an over- 
lapping one. The clear presentations on 
paper of creative design is a most im- 


portant function. Dimensioning, clear- 
ances, tolerances, threading, welding, 
filleting—all must be thought out, and 
carefully drawn, or the product will not 
achieve the expected results. Insofar as 
possible, drafting standards should be 
promulgated so that all plans will be 
interpreted the same way. 


Plans are usually not enough to com- 
plete a design, however. Usually speci- 
fications for materials and operating in- 
structions are necessary. Specification 
writing is an art in itself. It requires 
a command of good precise English, the 
ability to state exactly what is wanted 
and a keen appreciation of the balance 
between too much and too little. The 
former results in an impossible specifica- 
tion; the latter, in a shoddy product. 
Operating instructions, too, are a spe- 
cialized field—one in which the writer 
must take technical terminology and 
translate it into clear everyday English. 


Testing 


Finally, the organization must have a 
means of testing its output as the design 
proceeds. No design, if it is a new crea- 
tion, will be correct and perfect the first 
time. Testing must determine the feasi- 
bility of each component and system as 
the design proceeds. Here we enter an 
organization area in which there is 
much controversy. Some organizations 
have testing personnel attached to, and 
integral with, the design organization. 
In others a design is tested by the pro- 
duction department. Some have testing 
divisions which are a part of inspection 
and separate from design or production. 
The Navy is itself divided on this prob- 
lem and examples of all three are found 


in industry. The best compromise is 
possibly a small Design testing group 
which can set up engineering tests for 
those components or systems which are 
felt to be new or controversial, while 
the whole design is tested outside the 
organization, and fresh or consumer 
viewpoints are obtained. In this case 
free communications are a must and the 
Design organization should see the 
manufacture and operation of its prod- 
uct, so that facts may be funneled back 
for change in design. Too often Design 
changes are based on uninformed com- 
ments or on the opinions of a narrow 
segment of the products’ potential 
users. Adequate testing will prevent this. 
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SECTION II—THE DESIGN ORGANIZATION 
Formal Structure 


There are many forms of Design or- 
ganization existing. Some combine many 
of the above functions in one group—all 
of the successful ones however have the 
qualities of “create” and “tell” inherent 
in them. Information is freely inter- 
changed and there is unified direction. 
An example of a typical Design Organi- 
zation is given as Figure 2—the stand- 
ard organization for the Design Division 
of a Naval Shipyard. Its Arrangement 
Branch initiates the design approxi- 
mation by first blocking out the gross 
space and operating location of major 
components from Bureau specifications 
and plans. The technical sections decide 
what type of components will be used 
and proceed to design them while its 
Scientific Section checks the over-all 
weight balance, strength, and hydro- 
dynamic features. The test section sets 
up tests of systems or components as 
requested by the technical sections. The 
Liaison group schedules, gives manage- 
ment key data for control, and keeps 


design informed of Production prob- 
lems, while the Service Section pro- 
vides blueprinting, filing, messenger and 
other services to all. 


In a smooth organization free hori- 
zontal flow of information between 
branches is affected while the Staff 
Officers and senior supervisors provide 
the guidance necessary to keep the parts 
working at an even pace to achieve a 
balanced design. When looking at Fig- 
ure 2, it is interesting to ask, “At what 
level and where does the creative proc- 
ess take place?” The bare bones of an 
organization do not tell—we must ex- 
amine the people available. This will 
be done under Section ITI. 


The Design Organization is never 
wholly a command structure. This point 
is most important to military personnel 
whose previous training has been with 
a military structure where organization 
must be based on command responsi- 
bility and a vertical flow of information. 


Interchanging Ideas and Information 


Responsibility and decision making 
must, as in a command or staff organi- 
zation, be carefully delineated. How- 
ever, a much freer flow of knowledge 
between Branches is necessary than the 
information which flows between the en- 
gineering and deck departments of a 
ship or the Sales and Manufacturing 
Divisions of industry. Going back to the 
method of successive approximations 
given above, it should be readily ap- 
parent that it would be impossible for 
the thousands of studies and ideas 
needed for a complex design to travel 
up the line to the head, down to another 
specialized group, and back through the 


same channels. This flow can be ac- 
complished by designating a “lead” 
branch or section responsible for a sys- 
tem or component even though other 
types of engineering than its specialty 
are involved in its design. The other 
branches which have a service or minor 
part in the particular design must keep 
the lead code informed of any decisions 
affecting its cognizant items. Higher 
echelons than the lead Branch may then 
have an over-all study or plan of a sys- 
tem without having to check many 
groups for the information in order to 
study the integration of one system 
with another. 
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Project Groups 


The above assumes that all tasks fit 
into the functional groupings set up in 
the structure chart. This may not be so, 
as occasionally tasks will arise in which 
the result is in a field for which there 
is no definite group set up to handle the 
job. Such a task must be carefully 
studied to see if it is a continuing one 
resulting from a new engineering field 
which may continue to grow, or a spe- 
cialized job to be done just once or 
twice. If the latter is the case the task 
is best handled on a “project” basis. 
This involves setting up a group of 
specialists taken from the various 
Branches, appointing a project leader 
and having it function as a separate 
group under the management until the 
task is completed. An example of this 
occurred when a Design Organization 
set up to design submarines was given 
operating requirements to work out, 
the specifications of which could be met 
by a surface ship, a submarine, or a 
combination of both. If sent out as a 
routine task to the organization with 
its concentration on submarine design, 
the result would have undoubtedly over- 
stressed the submarine aspects. By 
picking out personnel who had previous 
experience in both types, setting up a 
separate group, and making available 
outside consultants who had experience 
in the phases the group lacked, a bal- 


anced study was achieved. The above 
may sound obvious, but to the writer’s 
knowledge it is seldom done and many 
tasks are ground into organizations 
which are not set up to handle them on 
a functional basis. The result is a bad 
design no matter how much good will 
goes into it. 


A note of caution is due here, how- 
ever. When a Design Organization has 
too many projects outside of its normal 
structure, one of two factors are pres- 
ent: either it is accepting tasks outside 
its field; or it is not organized to do the 
normal designs expected of it. Drastic 
action must be taken in either case or 
the organization will produce poor de- 
signs. Lines of communication will be- 
come blocked, and its normal function- 
ing will break down. An organization 
set up to handle submarine design may 
produce an occasional surface ship but 
never an airplane. It is most important 
to recognize this fact in commercial 
industry during this period of cold wai. 
An organization set up to produce com- 
mercial designs in peacetime can handle 
some wartime designs but when mili- 
tary design becomes the normal job, the 
organization must be shifted to handle 
its new tasks. Careful executive plan- 
ning is necessary to accomplish a grad- 
ual shift. 


Changes 


Another organizational tool which 
must be present and which does not 
show on a chart is a fast, direct, stand- 
ardized method of handling changes. We 
stated before that changes are inherent 
in design—they must and will be made. 
It therefore does no good to berate the 
changes or order a freeze of design too 
early. The problem should be handled 
directly by management and a system 
set up so that changes are disseminated 


to all who are involved (production in- 
cluded) and these which affect the whole 
or will retard schedules be brought to 
top management’s attention. Figure 3 
shows a design change sheet which will 
accomplish this purpose. This sheet 
combines all that is needed and gives 
management a control which can be 
used to stop unnecessary changes and 
to check the effect on erection sched- 
ules. 
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Figure 3—A New Form of Design Change Sheet. 


Scheduling 


One frequently hears the assertion, 
“Brains cannot be scheduled.” The in- 
ference is that a design organization 
cannot schedule its output. This is an 
over-simplified generalization which if 
followed will lead to chaos in a design 
organization. It is true to state that a 
human brain cannot be forced to create 
an entirely new concept in a given space 
of time. The statements might be ap- 
plied to research but, in general, they 
are not true for a Design Organization. 
Design can, and should, be scheduled— 
since parallel production and purchasing 
groups must know when plans and pur- 
chase specifications will be available for 
an orderly erection schedule. Design 
must, for its own sake, schedule inter- 
dependent plans. This phase of Design 


is a complex and difficult process, in- 
volving all levels of the organization. 
Scheduling things is complex—books 
have been written on the subject— 
scheduling an output of ideas is in- 
finitely more so. This article is prima- 
rily concerned with over-all organiza- 
tion and personnel so that scheduling 
can be treated only lightly. Several 
precepts can be given, however. 

First the task must be broken down 
into a list of plans and _ instructions 
needed by the producer to make the 
article and components. Usually this 
list can be further broken down into 
what is new and what is old. Plans 
which depend on known concepts or a 
slight modification can, with experience, 
be scheduled directly. These plans em- 
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bodying a new system or component 
are the keys to the design schedule and 
must be carefully scrutinized to deter- 
mine whether development or research 
is necessary. If so, the time factor de- 
pends on judgment, but an estimate must 
be made. The estimate should be broken 
down into phases :—determination of 
the best field of engineering, the time 
to first modei, testing of model, deter- 
mination of changes and time for final 
detailing. 


The entire plan list must then be 
dovetailed together such that a sequence 
of plans is determined and no plan is 
listed for completion ahead of another 
on which the first plan depends. Produc- 
tion should now be consulted since an 
erection or manufacturing sequence also 
determines the order in which plans 
are needed. These two time demands 
are often not compatible and must be 
reconciled. An example of incompati- 
bility often found in shipbuilding is 
that of the timing of foundation plans. 
The builder wants them early in con- 
struction since they attach to the shell, 
are bulky and form interferences for 
wiring and piping. The designer can- 
not draw a foundation plan until he has 
determined the size, shape, and weight 
of a component, even though he knows 
generally what the article will be. 


At this preliminary schedule stage de- 
sign manpower can be allocated and an 
estimated curve of manpower against 
time drawn. Dates are set for each plan 
completion and a plan schedule for the 
entire task printed. It usually cannot 
contain all plans which will be neces- 
sary, as the designer does not know at 
this time all plans which will develop— 
80%-90% is a good figure to shoot for. 
The plan schedule should now be com- 
pared with the erection schedule to see 
that it fits. Control curves should be 
drawn so that the Design management 
can ascertain the following at any time: 

a. How manpower being used com- 
pares with estimates 


b. How the output of plans is fol- 
lowing the plan schedule 

c. How specifications written com- 
pare with the lead time necessary for 
purchase of materials. Examples of 
each of these three curves are given 
as Figures 4, 5, and 6. There must 
be a group to do this over-all sched- 
uling and control. 

The bare bones of an Organization 
Chart and a description of its formal 
functioning do not describe the design 
process adequately. People design and 
therefore we turn to the personnel of a 
Design organization—their types and 
how they work. 


SECTION III—DESIGN PERSONNEL 


The Engineer 


The generic term “engineer” is used 
so broadly in our language that it has 
lost its original precise meaning. It 
can now be used only in the broad 
sense that “Christian” is used to describe 
people of a general religious belief. 
Nevertheless, we still use the word 
“engineer” in its broad sense to attempt 
to describe all sorts of specific work. 
This leads to confusion when describing 
talents necessary to perform a design 
job. Gobbledygook creeps into classifi- 
cation procedure where names such as 


“scientist,” “sub-professional,” “engi- 
neering aide,” “draftsman,” etc., are 
used by the Civil Service in an attempt 
to graduate the degrees of design skill 
needed for a job. I venture to say that 
an honest appraisal of any Design Or- 
ganization would show people titled 
with some of the above names doing 
wholly or partially the work nominally 
assigned to other classifications because 
of this confusion. This comes from an- 
other dangerous notion fixed in many 
non-technical minds who control the fu- 
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Figure 4—Manpower Utilization Chart. 


ture of Design and its people. This 
fallacious concept of Design (another 
too broad term) seems to consider that 
an “engineer” is one who sits at a desk, 
produces a design full blown out of 
his trained mind, reduces it to a set of 
calculations and then tosses it to a 
draftsman who thereupon draws a plan. 
Nothing could be further from the ac- 
tuality of design practice. Some designs 
are sketched or drawn first, then cal- 
culated—some are designed completely 
on a drafting board and need no mathe- 
matics and some combine both—the 
methods are infinite. All methods are 


necessary. All are used. No design 
organization could survive if it was 
composed of engineers who did no draw- 
ing, and draftsmen who did no engineer- 
ing. In order to avoid confusion in 
semantics this article will use terms 
which symbolize the present functions 
of designers rather than their popular 
titles. Depending on the size of the 
organization, some types will be com- 
bined in one person, but in any organi- 
zation personnel must be available to 
do the types of work described, and the 
organization must have them placed at 
the right levels to work effectively. 
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The Idea Man 


The more creative minds in a design 
organization, the better; however, not 
all should be or can be creative in the 
sense of imagining a new concept. The 
idea man is the fellow who says “Let’s 
try it this way.” Then he may verbally, 
or by a sketch, rough out his proposal 
for others to work out, or he may draw 
it out himself. It is just becoming 
known to psychologists that truly crea- 
tive minds are very scarce. It is there- 
fore not surprising that they are also 
scarce in design organizations. For- 
tunately, a well trained, experienced 
technical man can, and does, evolve 
answers to technical problems by com- 
bining his knowledge from books and 
experience, without using that elusive 
quality of creation which, for example, 
an artist has. Truly creative idea men 
should be found at all levels of a design 
organization. The idea man should be 
concentrated either at or just below 
the unit supervisor or project leader 
level. If too low in the organization, he 
will become frustrated because he hasn't 
enough status to bring his ideas to those 
who can order the manpower necessary 
to work them out. If too high, his 
duties become executive and adminis- 


trative to the point where the daily 
press of work stifles creative ability. 
The idea man is there—the trick is to 
find him and place him in a position 
where his ideas can be seen and used. 
He may have to be given a fictitious title 
in the organization but he must be 
found and used if the designs are to be 
progressive. Paradoxically, a college 
degree does not endow its holder with 
creative ability, but a degree may be 
necessary to work out the germ of 
someone else’s idea! Let me repeat— 
the idea man must be spread throughout 
an organization; he must be given an 
opportunity, and he cannot be requisi- 
tioned by merely specifying engineering 
qualifications. You may find him in a 
top management job burdened by paper- 
work and personnel problems. Or he 
may be at the bottom tracing someone 
else’s design, wondering why it wasn’t 
done another, and much better, way. 
When you find him—do something about 
him—he’s a rare bird! Edison was 
contemptuous of mathematicians and 
said that he could hire them, but they 
couldn’t do his work. He had the crea- 
tive mind! 


The Analyst 


In this day of complex technology, 
speeded-up design, and vast background 
of scientific fact, Edison’s remark is not 
as all-inclusive as it was then. I doubt 
that Edison, with all his genius, could 
have designed a turbo-generator in the 
size, weight, and horsepower of those 
now being produced. Nor could any one 
man. The idea or trial design needs the 
powerful analysis available to us from 
the scientific past in the form of mathe- 
matics, formulae, curves and graphs. 
This can be given to it only by the 
well-trained professional engineer. He 
must not follow handbook rules solely ; 


he must also know the assumptions be- 
hind them and their limitations. This 
knowledge can be attained only by long 
rigorous training—usually in a technical 
college. 

Analysis is the backbone of engineer- 
ing design: the checking of a complex 
structure by such calculations as_ will 
assure its strength and operating char- 
acteristics. The design organization 
must have adequate numbers of these 
professional engineers. They should be 
experienced personnel who are aware of 
the ways in which operations of the 
product seemingly invalidate safety fac- 
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tors and formulae. They should be con- 
tinually replenished from the bottom by 
young graduate engineers whose minds 
are freshly sharpened by college science 
and who are acquainted with the power- 
ful new tools of mathematics that are 
continually being evolved. No one can 
take the place of these men—their im- 
portance is attested by the strenuous 
efforts being made to recruit them from 
colleges and the national effort to chan- 


nel more young men into technical col- 
leges. No derogatory implication is 
meant by the heading The Analyst. It 
should rather read: Those who have the 
training, inclination, and ability to ana- 
lyze mathematically. There are, of 
course, many idea men among them— 
the point is that all idea men are not 
necessarily mathematical engineers, nor 
are mathematical engineers necessarily 
full of new or novel ideas. 


The Draftsman 


The success that a playwright brings 
to an author whose works are converted 
to the stage is the type of success that 
draftsmen bring to those who have con- 
ceived, computed or sketched a design. 
The draftsman in the pure sense lays 
out the lines, evolves the inter-relation- 
ship of parts, sets the fits and toler- 
ances, draws the bill of materials and 
puts on paper the myriad details neces- 
sary to make a dream an actuality. 

As we mentioned before, his status 
becomes controversial as his experience 
and ability grow—it is not unusual to 
see design organizations still headed by 
a man titled Chief Draftsman. The 
chances are that this man is not a 
draftsman in the popular sense of the 
word, but rather a highly skilled engi- 
neer in his particular field. It was this 
fact which prompted the Bureau of 
Ships of the Navy Department about 
1947 to change shipyard design organi- 
zations into engineering structures. 
Since that change, the organizations 
have gone through many stresses in 
differentiating between draftsmen and 
engineers. In the middle ranks the ex- 
perienced draftsman is a man who usu- 
ally has wide experience and knowledge 
in one engineering field. To do his job, 
he must know shop practice, production 
methods, and how an article is fabricated 
so that his layout will be understand- 
able to shop personnel. He knows 
drafting standards, descriptive geometry, 


handbook formulae in his field, and is 
a skilled drawer. The draftsman is the 
indispensable partner of the degree en- 
gineer. If there is a barrier between 
them, the end product will suffer. 


The draftsman is best recruited from 
shop personnel and requires special 
training for his job. Once he has at- 
tained drawing skill and studies the 
theory of the science in which he is 
working, he tends to grow closer to the 
professional engineer in his ability to 
create designs in his particular field. 
At this point his talents are often much 
more valuable than the younger design 
engineer who has had no working or 
shop practice. This causes confusion as 
to who is the engineer and if pay scales 
are not comparable, will cause friction 
within the organization. To further 
compound the difficulty of defining and 
identifying the draftsman’s work, the 
young engineer gains his best training 
and practice by either doing drafting 
work, or working with an experienced 
draftsman to gain knowledge of local 
shop processes and experience which no 
school can teach him. The whole sub- 
ject of the inter-relationship between 
the draftsman and engineer has not been 
given the study it deserves, and clari- 
fication is needed by the Civil Service 
Commission, the Department of the 
Navy, and classification experts in In- 
dustry. 
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The Supervisor and the Higher Degree Problem 


Volumes have been written about the 
Supervisor, his characteristics and his 
duties. The necessary qualities of lead- 
ership, ability to plan, etc., are just as 
needed in a design supervisor as in any 
other type. His growth from the lowest 
grade supervisor to the top, however, 
forms quite a different pattern and has 
received little attention. 

It is sometimes thought that the more 
degrees in engineering a man can at- 
tain, the greater should be his ability 
to design. This is true in a particular 
field and if the man be considered alone. 
In an organization, however, if there 
is no ladder to travel up but the super- 
visory one, he may become of decreas- 
ing value! This is because the amount 
of detailed technical ability needed for 
degrees becomes subordinate to the 
amount of executive ability demanded 
as one manages a larger group whose 
product includes more and more fields 
of engineering. The mastery of one sub- 
ject to the Doctorate level is net con- 
sonant with the mastery of executive 
ability. When there is one pay scale, 
based on supervisory advancement, as 
there is in most Service design organi- 
zations, the two roads become confused 
and the organization suffers whichever 
one it takes. A design organization 
loaded with solely technical-minded 
specialists at the top is as apt to falter 
as one with great executive ability but 
no firm foundation of professional 
knowledge inherent in its management. 

There seem to be two solutions to 
this problem. There is a level in any 


design organization where _ technical 
proficiency is the most needed—where 
decisive individual engineering is done. 
This is usually just below or at the 
unit supervisor or project leader. Here 
a master’s degree, long experience in 
drafting, or unusual ability to create 
are most effective—supervisory ability 
is subordinate. From this point on, the 
need for executive ability grows in pro- 
portion and training in this field should 
be initiated. Promotion policy should 
be made on a weighted scale in which 
executive development is mandatory, 
although greater technical excellence is 
encouraged. Somehow the super-tech- 
nical man must, however, be rewarded 
with increased pay even though he is 
not a leader, and has no administrative. 
ability or leaning. After all, Steinmetz 
had neither, but who can measure his 
value to the GE Company and his coun- 
try? Therefore, the ideal design or- 
ganization should have a structure which 
demands executive ability in its super- 
visory ladder and also has a place with 
adequate pay for its personnel who 
have advanced technical or scientific 
minds. How many times we see bril- 
liant technical minds struggling with 
the personnel and administrative paper 
work which an executive could wade 
through with ease, while a_ potential 
leader is making errors with a slide 
rule which he hates! Most men are 
ambitious, all desire advancement in pay 
—some channel must be provided for 
both types. 


Other Types of Personnel 


There are many other types of de- 
signers found in design organizations. 
There is the test engineer—a link be- 
tween design and operations whom we 
mentioned before. The arrangement man 


—he of the three-dimensional mind who 
fits the pieces of the puzzle together to 
form an operational whole. The checker 
—half way between a supervisor and a 
draftsman or engineer, who is a com- 
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bination Sherlock Holmes in finding er- 
rors and a Mr. Chips in getting these 
errors to resolve themselves without 
destroying initiative. We mentioned 
before the technical writer and the 


specifications writer, both needing the 
gift of precise English. All are neces- 
sary and all must find a rewarding place 
in a good design organization. 


The Executive Engineer 


One type we have not mentioned— 
one which is seldom defined but which 
is always outstanding in an organization 
—the Executive Engineer. Perhaps a 
typical advertisement such as you might 
find in the New York Times might de- 
fine him. “Wanted :—Engineer with full 
professional background, preferably ME, 
with knowledge of production processes 
and ability to handle personnel, to man- 
age growing enterprise in a new field. 
Unlimited opportunity.” Why do they 
advertise? The answer is simple—there 
is no one in the present organization 
who can fill the bill! This is not an 
indictment of such organizations—it is 
rather to point a crying need in design 
organizations of all sorts in our coun- 
try—the need for engineering managers. 
In this age of specialization and com- 
petition, the technical man has so much 
study to master his field, the adminis- 
trator so much to do that he has no time 
for technical broadening and the com- 
bination is rarely found. Seldom is it 
so trained. There is not space to describe 
the dire necessity which initiated such 
programs as the Harvard Business 
School Advanced Management Course 
for top executives during World War 
Two, nor the many problems when an 


outstanding man in a technical field 
was promoted to a top job covering 
many fields and failed miserably. De- 
sign organizations need executive en- 
gineers—they must have them or they, 
too, fail. Most Naval Officers in design 
organizations are really executive en- 
gineers rather than design engineers, 
despite their designation. Top super- 
visors should be in this category. 


It is the executive engineer who keeps 
all branches or units heading towards 
the same goal at the same pace, who fills 
in the gaps of organizational knowledge 
by drawing on consultants or recruiting, 
and who gives his organization the 
stimulus of enthusiastic leadership. The 
executive engineer is not necessarily, 
the top man—he should be found in 
staff positions and at various levels 
down to the Section supervisors. It 
would be easy to say that all managerial 
personnel should be executive engineers, 
but this is impossible—there are not 
enough to go around. They should be 
placed where their influence is the most 
needed, and above all, trained for higher 
positions along executive lines, con- 
tinually broadening their technical, ad- 
ministrative, and supervisory abilities. 


SECTION IV—CONCLUSION 


Much has been said of late in the 
Press and official circles of the short- 
age of engineering manpower and its 
alarming implication for our nation. 
Articles such as “Operation Design” 
have shown the efforts of organizations 
such as the Bureau of Ships to train, 
nourish and enhance this technical man- 


power. There is a need, however, to 
study the designer with his organiza- 
tion. Design must be studied the way 
production is studied, so that each type 
of person is fitted into a position which 
will use his talents to best advantage. 
Design organizations must be used to 
create, not to act as production instruc- 


489 


j 
4 
| 
J 


tors or trouble shooters. They must be 
organized so that the formal structure 
contains the elements of supervision and 
responsibility but does not lack the flexi- 
bility and interchange of ideas _hori- 
zontally so necessary as design and tech- 
nology change. 

Classification must be the servant 
rather than the master of personnel 
placement. To do this classifiers need 
either to have technical knowledge 
themselves or to rely on technical man- 
agement to set up job descriptions 
which fit the actual work done by de- 
signers rather than popular generaliza- 
tions or outmoded classification stand- 
ards. 


Those who use the products of Design 
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organizations help themselves when they 
understand the process of design and 
the people who do it. They will better 
understand why changes are not mis- 
takes, but rather an integral part of 
the growth of any design. They will 
better know where and to whom to ad- 
dress their questions and problems. Fin- 
ally, the training of Design personnel 
must be tackled in all of its aspects— 
in the wholly technical area, the draft- 
ing area, the supervisory area, and the 
executive area. It is hoped that this 
article will stimulate broad thinking on 
the whole subject of the designer and 
his organization and will aid in the con- 
servation and concentration of a pre- 
cious portion of our human resources. 
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This non-technical paper discusses 
some of the field test and maintenance 
problems encountered with World War 
II military servo drives of the closed- 
loop continuous-control type. Such trou- 
bles were not always readily foreseen 
in the engineering lab and sometimes 
cropped up only after long and severe 
service under diverse field and combat 
operational conditions. This was often 


aggravated somewhat where less experi- 
enced military personnel was available 
for necessary trouble-shooting and main- 
tenance routines. The rather obvious 
thought here is that perhaps ordnance 
and electronics engineers might pre- 
design their equipment so as to provide 
a certain amount of field-operational 
“anti-snafu” factors into future military 
designs. 


THE SYNCHRO SIGNAL CIRCUITS 


Some manufacturers of wartime in- 
dication and control synchros (selsyns) 
did not standardize their designs com- 
pletely and did not always fully meet 
the military specification which requires 
that all synchro units should be so wired 
internally that a standard test synchro 
connected to any terminal board any- 
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where in any synchro system, will indi- 
cate increasing readings when the trans- 
mitting equipment is actuated in the 
increasing-angle direction, and read zero 
when the transmitter is set at zero. This 
lack of complete standardization on dial 
engraving rotation and synchro wind- 
ing electrical rotation, usually resulted 
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in reversed reading and reversed indi- 
cator rotation troubles even though the 
systems were wired correctly according 
to the installation blueprints. This 
sometimes resulted in rounds of dial- 
shifting and synchro wiring reversals 
during installation test routines, espe- 
cially where various synchro systems 
had to be cross-tied with existing sys- 
tems. The reversed-signal and reversed- 
rotation troubles were caused by some 
half-dozen different conditions. 


1)—Some synchro units’ dials were 
calibrated in a clockwise direction, and 
others on identical units of different 
manufacture in the same system were 
calibrated in a counterclockwise direc- 
tion. Hence although all synchros ro- 
tated in the same direction and zeroed 
in with their transmitter properly, some 
of the dials indicated reversed readings. 
The S1-S3 or R1-R3 synchro leads of 
the offending instruments had to be re- 
versed at the instrument wiring side of 
the terminal blocks to reverse the rotor 
rotation to align up the system, and 
everything would work out fine. How- 
ever, if the synchro leads were reversed 
in the wrong section of the system, 
trouble would break out pronto when 
the system was cross-tied in with an 
existing system. 


2)—Some synchro units in a system 
used rotating pointers with fixed indi- 
cation dials, while similar units in the 
same system used rotating dials with 
fixed pointers. Even though both types 
of synchro units were wired up intern- 
ally in the correct fashion, both types 
of dials were engraved in the same di- 
rection, and both sets of synchro rotors 
rotated in the same direction, the two 
sets of indicators would read in reversed 
directions with respect to each other. 
This resulted from the fact that the rela- 
tive directions of rotation between the 
two types of dials and their pointers 
were in opposite directions. Again, if 
care was not exercised in reversing the 
synchro leads at the proper instruments, 


trouble would be encountered when 
cross-tying in with other systems. 


3)—Military A.C. 5-wire synchro 
leads are usually tagged R1-R2 and 
$1-S2-S3 for the 2-pole rotor and the 
Y-wound stator leads. The specs re- 
quire that a synchro unit read correctly 
against a standard test synchro, both as 
to the electrical zero position and the 
direction of increasing readings (or 
direction of rotation in the case of a 
simple synchro indicator). The mere 
fact that a synchro’s stator leads are 
marked S1-S2-S3, however, does not 
indicate what the actual electrical rota- 
tion of the winding is. Hence it is pos- 
sible for a synchro indicator unit to 
have both mechanical and electrical re- 
versals internally which cancel each 
other out and permit the complete unit 
to meet the standard motor test. Hence 
some makes of synchros had Y stators 
whose electrical rotation was opposite to 
that of most other makes of synchros. 
When such a synchro was removed for 
repairs and later re-installed into an- 
other unit, reversal troubles cropped up 
and the S1-S3 or R1-R3 leads had to 
be reversed at the instrument side of the 
terminal block. A similar trouble ex- 
isted in the case of 3-phase motors and 
generators where the mechanical shaft 
rotation and the winding electrical ro- 
tation were not always one and the 
same thing. Hence the factory produc- 
tion test sheet should specify that both 
the naked synchro and the complete 
synchro unit must both meet the stand- 
ard synchro motor test. This was a 
troublesome point which was difficult to 
get across even to ordnance design en- 
gineers. 


4)—Standard military (Fire Control) 
synchros use a 2-pole rotor field (R1- 
R2) and a Y signal stator (S1-S2-S3), 
while most marine type (Interior Com- 
munication) synchros use the reverse 
combination—a Y signal rotor (R1-R2- 
R3) and a 2-pole stator (S1-S2). Even 
though both the electrical phasing and 
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rotation of the two sets of windings 
were the same, the two types of syn- 
chros’ rotors would rotate in the oppo- 
site directions. This resulted from the 
fact that the relative directions of rota- 
tion between rotor and stator were-in 
the opposite directions, much as in the 
case of the rotating-pointer-rotating-dial 
reversal problem. Henée when’ navi- 


gational I.C. systems were cross-tied in’ 


with F.C. gunnery systems, reversals 
troubles developed. Again, if care was 
not taken to reverse the correct (1-3) 
Y-circuit leads, trouble would develop 
when cross-tying in with other systems. 


5)—Some F.C. indicators use con- 
centric duplex and triplex ring-dials and 
gear-trains for various match-the-pointer 
and relative-true bearing indication pur- 
poses. This brought up confusing re- 
versed-rotation and_ reversed-reading 
troubles if the instrument wiring was 
not properly reversed at the instrument 
side of the terminal blocks at the fac- 
tory to meet the standard motor test. 


6)—Some multiple-unit equipment 
such as radar and sonar gear, contained 
synchros which had their instrument 
wiring reversed to correct for various 
gearing reversals and dial calibration 
reversals. Sometimes the wiring re- 
versals were made at the interconnecting 
cable wiring side of the terminal blocks 
instead of the synchro wiring side. 
When standard test synchro motor 
checks had to be carried out on such 
systems, or additional equipment cross- 
tied or added to it, reversals problems 
developed. Both design engineers and 
factory production men must be con- 
tinually impressed with the fact that all 
wiring reversals should be made at the 
synchro wiring side of the terminal 
blocks to meet the standard motor test, 
so as to prevent field installation and 
test confusion later on. 


All in all, non-standardization of syn- 
chro units during the recent war turned 
out to be something of an ulcer-generator 


and this appears to be a fruitful field for 
military standards committee activity. 


Instances of puzzling loss of synchron- 
ism and erratic behavior which were 
usually promptly blamed upon faulty 
installation wiring by company field en- 
gineers, were sometimes tracked down 
to slipping set-screws on shafts, cou- 
plings, dial hubs and gears at synchro 
assemblies inside of ordnance and radar 
gear. Apparently, the use of aluminum 
alloys for dial hubs, gears, and linkages 
tended to aggravate this trouble because 
of the creep tendencies of aluminum 
metals under pressure and heat, and 
their relatively high thermal coefficients 
of expansion. Stainless steels appear to 
be more reliable here, even though 
heavier, more costly and harder to ma- 
chine. Gun-fire shock, vehicle propul- 
sion vibration, synchro A.C. vibration 
and ambient temperature cycling may 
also have contributed to this trouble. 
Twin set-screws, shaft flats, shaft keys 
and set-screw holes in shafts seem to 
be necessary as an insurance against 
such operational troubles. 


Conical set-screws for synchro dial 
hubs caused some maintenance troubles 
since they bit into synchro rotor shafts 
too deeply and burred them up so much 
that dial hubs were difficult to drive off 
and on the shafts. Many dial hub as- 
semblies were conical press fits which 
were difficult to pry loose. As a result, 
shafts, hubs and shaft bearings were 
damaged out in the field when hubs 
were driven off by various brute-force 
methods. Some sort of a simple hub- 
puller should be included with military 
synchro equipment maintenance gear. 


Installation of large-sized dials on 
modified ordnance units often resulted 
in synchro hunt and motorizing insta- 
bility problems since the large dials’ ex- 
cessive mass and torque moment over- 
rode the stabilizing action of the synchro 
rotor-damper mechanism and caused 
the synchro rotors to overshoot badly 
or run away. If the oversized dial was 
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unbalanced, it would also increase the 
bracket error on two sides of the dial 
since its gravity pull would tend to pull 
the rotor out of synchronism slightly. 


Mechanical linkages and gear trains 
between synchros and their units, re- 
sulted in some servo jitter and syne 
error at static synchronism, and some 
indicator motor hunt tendencies. Spring 
pre-loading of gears and linkages, and 
slotted mounting holes appear to be 
worthwhile in the case of precision F.C. 
equipment in the long run, in spite of 
initially greater cost. 


In cross-tying F.C. gunnery and I.C. 
navigational systems, the precision F.C. 
synchro bracket error was increased by 
the marine type I.C. synchros whose 
bracket error was somewhat greater. 
The greater winding and core unbal- 
ance effects of the I.C. synchros’ Y 
rotors tended to unbalance the cross- 
tied synchro systems’ Y signal circuits 
slightly to increase over-all system error. 
This point bears some thought where 
precision gunnery circuits are involved 
and indicates the possible need for more 
accurate navigational synchros in some 
cases. 


Some servos employing synchros as 
the control elements, also fed remote- 
indication indicator motors off the 
control-synchro lines. Any mechanical 
or electrical troubles (or battle damage) 
in the remote indicators or their wiring, 
would derange the control-synchro sys- 
tem and foul up the vital drives. The 
cost of extra synchro generators for 
separately feeding the remote indicators 
may be justified in the case of vital 
gunnery, radar, sonar and navigational 
systems. 


Special “H” type hi-RPM synchros 
made their appearance during the war 
for continuous-rotation duty applica- 
tions. They sometimes tended to develop 
brush and slip-ring arcing, burning and 
over-heating troubles. Apparently, their 
only modification was a more massive 
rotor shaft bearing. Some investigation 
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into the need for a heavier slip-ring, 
brushes and brush springs, more accu- 
rately machined slip-rings, and power- 
factor-correcting condensers across the 
rotor and stators to eliminate reactive 
currents, might be indicated for these 
“H” type synchros. 


Most of the radar, sonar and naviga- 
tional synchro systems used no trouble- 
light circuits (which consisted of cur- 
rent transformers and their indicator 
lights in series with the synchro Y cir- 
cuit lines). A synchro may have its 
rotor circuit open and it will still fol- 
low its transmitter either correctly or 
180 out as a sort of a hysteresis type 
inductor synchro. Similarly, it may have 
its two rotor leads shorted (but not 
across the rotor supply lines) and its 
rotor will snap 90 or 270 out and fol- 
low the transmitter as a sort of a 
wound-rotor induction synchro. How- 
ever, in both cases, the fouled-up syn- 
chro will have weak torque and will 
pull its excitation power from the trans- 
mitter synchro by means of a double- 
transformer action via the two synchros’ 
Y windings and the two units will over- 
heat and may burn out in time. Hence 
costly synchros were damaged some- 
times when the operational troubles were 
not noticed soon enough. The use of 
trouble-light circuits in such systems 
may be worthwhile in view of the high 
cost of precision synchros. 


Many gunnery systems’ synchro cir- 
cuits were modified at some time or 
another to take additional control or 
differential synchros. Since these syn- 
chros have no field winding, they take 
their power excitation from the gene- 
rator synchro, with the aid of p.f.- 
correcting delta banks of condensers 
across the Y signal lines. Some confu- 
sion and fussing with synchros systems 
resulted since trouble lights would come 
on and the alteration prints would give 
no info on re-setting the trouble-light 
transformer sensitivity taps to allow for 
the extra required excitation currents. 
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Some indicator unit synchro motors 
had no pre-loading spring thrust washers 
to take up shaft end-play, or had them 
on the wrong end. In the case of bulk- 
head-mounted equipment which had to 
slant forward, if the spring washer was 
at the rear, and in the case of vertically- 
mounted synchros in computors or 
range-keepers, if it was at the bottom 
end, the weight of the rotor compressed 
the spring thrust washer and the synchro 
rotor would hum and vibrate. This was 
a distracting nuisance in the case of 
vital ship stations under combat area 
conditions. Such synchros should have 
the thrust washer at the front end, or at 
both ends of the shaft. 


A good deal of test and maintenance 
troubles with synchro and synchro-con- 
trolled servos was caused by a lack of 
explicit and unambiguous zeroing infor- 
mation procedures in the operating and 
instruction manuals supplied with the 
military gear. Four distinct zeroing 
operations usually had to be carried out 
in the case of most systems— 


1)—Beth the remote-control and fol- 
low-up equipment had to be set exactly 
in their mechanical zero positions. 


2)—Both units’ geared indicating dials 
had to be set to read zero. 


3)—Both the units’ control and indica- 
tion synchros had to be set in their 
electrical zero positions, with their dials 
indicating zero. 


4)—Both units’ synchros had to be 
checked to make certain that they put 
out an increasing-reading signal when 
either unit was actuated in the increas- 
ing-reading direction. 


Failure to observe such accurate and 
complete zeroing routines, also resulted 
in confusing rounds of dial shifting, 
synchro resetting and wire reversing, 
especially in the case of servo drives. 
This in turn, sometimes resulted in fur- 
ther chains of reversals and resettings 
when other systems were cross-tied in. 


The necessary use of some differential 
synchros in military equipment has com- 
plicated system design somewhat. An 
interesting thought here, might be a 6- 
phase-type star-wound stator synchro 
which might be able to combine two 
synchro signals in a differential fashion 
electrically. 


SYNCHRO TRANSMISSION LINE AND POWER SUPPLY CIRCUITS 


Most synchro systems use a simple 
blown-fuse indicator for the rotor sup- 
ply fuses. This usually consists of a 
neon lamp across each fuse, the idea 
bcing that when a fuse blows, the line 
voltage appears across the open fuse 
and lights up the 115-volt neon bulb. 
However, in the case of synchro sys- 
tems where each synchro has its own 
rotor supply fuses and blown-fuse indi- 
cators, the warning circuits failed to 
operate. Since the open-circuit rotor 
synchro was being fed by the transmit- 
ter’s Y-circuit signal which induced 115 
volts back into its “dead” rotor, both 
sides of the open fuse carried an in- 
phase 115-volt potential and the neon 


lamp across the blown fuse could not 
light up. A similar condition would 
exist in the case of a paralleled bank 
of transformers. This was a fooler 
which caused some 180-reversed-indi- 
cation and burned-out synchro troubles. 


Where different sections of cross-tied 
synchro systems had to be fed by supply 
voltages of somewhat different sources, 
some peculiar operational troubles de- 
veloped when the supply voltages were 
not exactly of the same voltage, phase 
and frequency. This condition some- 
times cropped up in the case of radar 
and thyratron-servo F.C. gunnery equip- 
ment where 2- or 3-phase transformers 
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or motor-generator sets were involved 
in the power supply system. If the rotor 
supply voltage fed to a synchro gene- 
rator was not the same as that fed to 
one of its indicators, the two sets of 
Y signal voltages would not be the 
same at static synchronism, although 
their phasing and ratios would. Hence 
a steady Y-winding circulating current 
would flow at static synchronism and the 
two units would gradually overheat. 
Again, this was a condition similar to 
that of paralleled banks of transformers 
whose primary or secondary voltages 
were not exactly the same. If the sys- 
tem had trouble-light circuits, they 
would light up even though there actu- 
ally was no trouble in the synchro sys- 
tem itself, since Y circuit currents were 
flowing at synchronism. If the phases 
of the two rotor supplies were not the 
same, the indicator synchro rotor would 
indicate an angular error equal to the 
phase difference between the two rotor 
supplies. (If the rotor leads are re- 
versed at the indicator synchro, for in- 
stance, the power supply is in effect 
reversed 180 degrees in phase and the 
indicator snaps into a position 180 out 
with respect to the transmitter.) If the 
two power supplies differ slightly in 
frequency, the indicator motor will go 
into a sharp oscillation whose frequency 
will equal the difference frequency be- 
tween the two supplies. Hence great care 
must be exercised in designing a syn- 
chro system to make certain that all 
synchros in a given system are fed by 
the same power source. These peculiar 
operational troubles might suggest some 
possible special commercial applications 
for synchros. 


Where excessively long cable runs 
existed, as in the case of 880’ battle- 
ships, for instance, other synchro and 
servo operational troubles sometimes 
cropped up. Long cables possess some 
inductive reactance, especially when run- 
ning along steel bulkheads. Their reac- 
tive surge currents tended to make syn- 


chro indicator motors unstable and 
liable to hunt and motorizing tendencies. 
This indicated the need for p.f.-correct- 
ing delta banks of condensers across the 
long Y-circuit lines, and possibly, heavy 
condensers across the rotor-supply 
lines. In the case of long control-syn- 
chro rotor lines, stray A.C. signals were 
sometimes picked up by induction and 
fed as false signals into servo ampli- 
fiers to cause some jitter and creep 
effects at synchronism. This indicated 
the need for twisted-pair and shielded 
conductors and cables, or voltage-buck- 
ing circuits in long control-synchro 
rotor lines. 


Where flexible-cable loops were used 
to feed a remote-control head or follow- 
up unit with a limited-rotation sweep, 
not only some attention had to be paid 
to the cable sheath thermoplastic char- 
acteristic when the equipment had to 
operate under very high or very low 
ambient temperature conditions so as to 
guard against cold-splitting heat- 
flow effects, but also to conductor wax 
and oil impregnant migration-flow in 
hot-climate areas. Care also had to be 
taken to prevent the cables from rub- 
bing or striking against any obstructions 
or bulkheads, even slightly, otherwise 
the cable sheaths wore through rapidly 
and shorted, grounded out or opened up 
the cable conductors. The cable con- 
ductors also had to be sufficiently 
stranded and flexible enough to with- 
stand the constant twisting and flexing 
actions without developing premature 
fatigue-crystallization failure. This type 
of trouble was apparently hastened by 
temperature cycling and vibration con- 
ditions common to most military equip- 
ment. The heavy insulation spacer 
blocks used to space the flexible cables, 
also contributed to this trouble by in- 
troducing localized flex points on both 
sides of the blocks. Spacer blocks made 
of soft synthetic rubber or plastics, or 
sliding laminated blocks with deeply 
chamfered holes, would also help out 
here. 
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Where limitless rotation of the remote- 
control and servo-driven units was nec- 
essary (as in the case of A.A. gear) 
and slip-ring assemblies were required, 
some sort of provisions sometimes had 
to be made to insure that the slip-rings 
and their brushes would not be con- 
taminated by the servo drive’s lubricant 
and hydraulic servo oils, or by sea- 


water, otherwise slip-ring dead-spots 
and erratic servo operation would obvi- 
ously result. Where moisture, explosive 
fumes or chemical vapors were present 
in excessive amounts, these assemblies 
had to be sealed off in some makeshiit 
fashion to prevent chemical and elec- 
trolytic corrosion effects at the slip- 
ring components. 


THE SYNCHRONIZING RELAY CIRCUITS 


Some precision servo drives employ 
dual or triple-speed synchros where the 
geared hi-speed or “fine” units take 
over control at close to synchronism. 
The vernier control-signal reduces syn- 
chronism errors caused by synchro and 
wiring unbalances and mechanical back- 
lash in inverse proportion to the gear 
ratio. Some servo systems employ syn- 
chronizing relays to switch control from 
the low-speed or “coarse” synchro over 
to the hi-speed vernier. Where the usu- 
ally trouble-free vacuum relays were 
used, trouble sometimes developed from 
fatigue-crystallization cracking of the 
armature pivot diaphragm or bellows, 
air leakage, and rapid failure of the 
contact points. Another problem some- 
times cropped up with a peculiar resist- 
ance “coating” of the vacuum-protected 
contacts after long stand-by periods of 
idleness. This could sometimes be 
burned clear with heavy current pulses. 
While these troubles were mostly noted 
in the case of older servo designs, it 
may be that better diaphragm alloys 
and the cause for vacuum-protected con- 


tact-point coating might be worth in- 
vestigating. 

Regardless of the type of relay used, 
it should have some provision for con- 
tact-point gap adjustment and contact- 
point armature tension control. In this 
way, the contact-point gap adjustment 
can be maintained in spite of arc ero- 
sion, and occasional file dressing in the 
case of sealed units. Hence the arma- 
ture pull-in and drop-out points can be 
maintained for proper servo operation 
with relay amplifier tube changes and 
aging and wearing of the relay mechan- 
ism. Where a relay amplifier tube cir- . 
cuit is used, a cathode or plate rheo-. 
stat or potentiometer control is useful 
for adjusting relay sensitivity to correct 
for various’ mechanical and electrical 
variables. ‘This eliminates the need for 
constant relay-amplifier tube checks and 
replacements. 

An auxiliary chassis-mounted _ test’ 
switch cuts out the synchronizing relay 
and switches servo control into only 
either coarse of fine control at will, is 
a _ useful addition for speeding. up test 
and maintenance routines. 


THE VOLTAGE AMPLIFIER CIRCUITS ; 


Regardless of whether the voltage ain-’ plifiers in each stage, otherwise various 


plifier be a D.C., phase-sensitive A.C.,'' 


or a conventional amplifier, chassis- 


mounted screw-driver-slot rheostats ‘or 
pots should be provided for balancing - 


up both halves of p.p. or full-wave am- 


tube and circuit unbalance variables will 
result in!some residual amplifier output 
eventhough a “zero” static-synchronism 
control-signal is present. This may re- 
sult in some ‘syne error and jitter and 


497 


i 
j 
| 
| 
) 
y 
) 
y 
e 
y 
4 
le 


SERVO-SYSTEM NOTES 


creep. Such balancing pots save much 
fuss and bother with constant checking 
and matching and pairing up of tubes 
in each stage at regular intervals. 


The servo amplifier gain requirements 
are largely determined by servo response 
speed, accuracy and drive-power re- 
quirements, hence variations in ampli- 
fier gain will have an effect upon servo 
response. If the power supply voltages 
come up, or tube plate currents and 
amplification factors are above normal, 
the servo response may be too “hard,” 
with too much over-shoot, chatter and 
weave. If below normal, the reverse will 
occur and servo response will be too 
“soft” and too sluggish since amplifier 
gain will be below normal. Similarly, 
servo response will be affected by ambi- 
ent temperature extremes. Under very 
cold operational conditions, the servo 
drive’s mechanical linkages and bear- 
ings may develop considerable shrink- 
fit and lubricant-thickening viscosity 
friction effects. This will obviously 
dampen down servo response. The re- 
verse will occur in very hot weather. 
For these reasons, some sort of a volt- 
age-amplifier gain adjustment is advis- 
able for military servos. This may be 
obtained by means of chassis-mounted 
screwdriver-slot pots which control the 
input signal er voltage-amplifier stage 
gain, or by a tapped-primary input 
transformer. To some extent, suitable 
inverse-feedback networks may correct 
this type of trouble. 


In checking the relative phasing and 
polarity of synchro control signal, servo 
amplifier, servo motor, saturable reactor, 
amplidyne, rate generator and power 
supply voltages, field engineers and test 
technicians sometimes had to resort to 
some acrobatics in order to take the 
necessary readings. This was particu- 
larly troublesome on the case of super- 
structure gear such as searchlights, gun 
directors, radar antenna arrays, A.A. 


machine-gun cannon, etc., particularly 
during inclement weather conditions 
when precision equipment was exposed 
to rain, snow or dusty winds. If the 
equipment terminal boards were so laid 
out that all these vital voltages could 
be readily accessible (especially the 
control synchro rotor signals), this time- 
consuming troublesome maintenance 
problem would be considerably simpli- 
fied. Such time-saving  test-points 
(T.P.s) are standard practice in many 
types of electronic equipment designs 
and ordnance design men might take a 
page out of the electronic engineer’s 
book here with some benefit. 


In laying out the amplifier equipment, 
some thought might be given to the fact 
that most military gear is subseyuently 
modified or added to in some way be- 
cause of field operational or combat ex- 
periences. The costs of such modifica- 
tions would be greatly reduced if the 
lay-outs were so made as to provide for 
spare terminals, extra cable holes. spare 
wires, spare stuffing tube holes plugged 
up with pipe plugs, etc. While this in- 
creases the cost of equipment some ini- 
tially, it is far cheaper in the long run 
since such modifications on existing de- 
signs are difficult and laborious. 


Where dual or triple sets of servo 
drives are required (bearing-elevation- 
range combinations, for instance), it is 
of some advantage to work out over-all 
system design so that identical ampli- 
fiers can be employed. This can usually 
be done by reducing the control-signal 
amplitude, cutting down the anti-hunt 
rate signals, and reducing servo motor 
size for the lighter-load servos. This 
simplifies test, maintenance and rear- 
echelon supply work since only one type 
of servo amplifier need be stocked and 
serviced, and can be readily swapped 
around in the field to quickly determine 
whether servo system trouble is located 
in the amplifier itself, or elsewhere. 
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THE POWER AMPLIFIER CIRCUITS 


Where more massive servo drives in- 
volving heavy motors and large thyra- 
tron tubes were concerned, peculiar 
troubles were sometimes encountered 
with erratic behavior of these big tubes, 
in spite of shock mounts and thermo- 
statically-controlled ovens. It appears 
that the effects of strong radiation, inag- 
netic and electric fields; actinic light; 
and barometric pressure variaticns upon 
large thyratrons’ firing points might be 
worthwhile investigating in some detail. 
This may be of some significance in 
the case of hi-velocity hi-altitude rocket 
telemetering applications, even though 
small thyratrons are used here for the 
PM radio links. 


As in the case of voltage-amplifier 
stages, a balancing pot of the chassis- 
mounted screwdriver-slot type should 
be provided to balance up the power 
amplifier tube plate currents to elimi- 
nate the need for checking and match- 
ing of these costly tubes. 


If magnetic power amplifiers are used 
(saturable-core reactors or transform- 
ers), field work would be simplified if 
all the windings are carefully wiring- 
coded so that the relative phasing and 
polarity of both the A.C. and D.C. 


windings are established with respect to 
the control signals and power-supply 
voltages. This simplifies test work and 
prevents the familiar “two-wrongs-can- 
celing’ condition which makes for con- 
tinual maintenance troubles. The nomi- 
nal D.C. ohmic resistance of all reactor 
windings should be stamped upon the 
unit’s nameplate and indicated on the 
wiring schematic to speed up cold-cir- 
cuit ohmmeter checking. This also ap- 
plies to all synchros, transformers, reac- 
tors, rate generators, relays, amplidynes, 
servo motors, motor-generator sets, etc., 
in general. 


Wherea hydraulic or pneumatic power- 
amplifying stage is present, some pro- 
vision for tightening up on gearing and 
linkage wear backlash at the valve ac- 
tuating mechanisms should be provided 
to prevent servo sync error and jitter 
and creep. 


If heavy D.C. servo motors are being 
directly driven by amplifier power tubes, 
full-wave circuits may be worthwhile in 
the case of more massive servos since 
the higher ripple frequency and smoother 
D.C. allow the use of smaller filter 
chokes and more conventional D.C. 
servo motor designs. 


THE SERVO MOTOR CIRCUITS 


Servo motors of the commutator types 
should have readily removable _bell- 
housing cover plates for rapid visual 
inspection of the brushes and commuta- 
tor. Greasy or pitted commutator bars, 
or gummy and worn brushes may result 
in weak and erratic servo response, or 
in servo motor “dead spots.” 


A chassis-mounted test switch and a 
heavy “dummy load” resistor circuit 
would be useful for shunting out the 
A.C. windings of saturable-core reactors 
to trigger off the servo motors. This 


would simplify servo motor testing and 
help isolate servo operational troubles. 
A gear-shift or ai “in-out” clutch 
mechanism for disengaging the servo 
motors from the follow-up units for 
free-running tests, would also help in 
quickly isolating operational troubles. 


Where servo motors employ alnico 
permanent-magnet fields, both magnets 
and mounting frame should be plainly 
stamped with N and S polarity desig- 
nations so that magnets will not be 
reversed during routine field mainte- 
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nance checks. Such simple mix-ups have 
resulted in whole servo systems being 
taken apart to discover why they were 
running away, or running in the wrong 
direction. Off-set bolt-holes or locating 
pins would serve much the same pur- 
pose. Much the same holds good for 
rate generators and amplidynes. 


In specifying the directions of rota- 
tion for rotating equipment, the terms 
“right-hand” and “left-hand” should be 
avoided since they are ambigious. If the 
terms “c.w.” or “c.c.w.” are used, the 
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direction of sight should be stated 
plainly to avoid confusion. For in- 
stance—“*The amplidyne should rotate 
in a c.w. direction, looking at the motor 
end.” In general, the terms “increasing- 
angle direction” or “decreasing-angle 
direction” are more reliable since two 
different servo drives on the same equip- 
ment may rotate in opposite directions 
for the increasing-angle directions. 
Where directions of rotation are indi- 
cated on a motor or generator, it is usu- 
ally better to simply show an arrow 
marker than to rely on confusing words. 


THE ANTI-HUNT RATE-COMPONENT CIRCUITS 


Chassis-mounted screwdriver-slot pots 
should be provided to allow for some 
adjustment of the amount of anti-hunt 
rate signals fed back into the servo 
amplifier (velocity and acceleration 
rate components), with changes in 
power supply voltages, tube character- 
istics, ambient temperature shifts and 
servo load conditions for optimum servo 
performance under all operational con- 
ditions. Factors causing an increase in 
amplifier gain and a decrease in servo 
loading and damping, also usually make 
a stronger set of anti-hunt voltages 
necessary in order to prevent hard 


servo response and excessive over-shoot, 
weave and chatter. Rate generator wind- 
ings should be wiring circuit-coded 
carefully so as to indicate relative phas- 
ing and polarity against the rest of the 
servo system. Reversed rate circuits 
will cause a servo to run away hog-wild 
in the case of the first-derivative veloc- 
ity-rate signal, and to oscillate or chatter 
violently in the case of the second and 
higher-derivative acceleration-rate sig- 
nals. Here again, servo drives have been 
dissected for sync troubles caused by 
rate-circuit reversals in the external rate 
and amplidyne-generator field circuits. 


THE POWER SUPPLY CIRCUITS 


If 3-phase or split-phase A.C. power 
supply circuits are involved in a servo 
system, a simple phase-rotation indicator 
of some kind should be provided at the 
power-supply control panels and servo 
amplifier chassis. This could consist of 
a simple unbalanced-Y light circuit, or 
an induction-motor gimmick of the 
hysteresis type. Mixed-up A.C. power 
leads’ phasing caused considerable con- 
fusion and operational troubles in the 
case of phase-shift grid-control thyra- 
tron servos. Such mix-ups completely 
deranged the thyratron servo circuits 


which no amount of reversing and 
swapping of wiring elsewhere in the 
system would correct for in a “four- 
wrongs-make-a-right” fashion. Power 
thyratrons function as grid-controlled 
rectifiers, and the firing and extinction 
points of these tubes are fairly critical 
as to control-signal phasing and voltage. 


All D.C. and A.C. power supply 
leads in a servo system should be cir- 
cuit coded in such fashion as to indi- 
cate relative phasing and polarity against 
the rest of the servo system’s circuits, 
for reasons already discussed. 
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THE MILITARY DESIGN-MAINTENANCE COORDINATION NEED 


In conclusion, it might be pointed out 
that during World War II, experienced 
military personnel were often aware of 
certain field operational shortcomings of 
some of their equipment. Others had 
devised ingenious makeshift modifica- 
tions which increased their effectiveness 
considerably. Yet, paradoxically enough, 
little or nothing could be done about 
either one or the other, outside of going 
in a long and roundabout fashion 
through the National Inventors’ Council 
in the case of a major item. It would 
seem that some sort of a “beneficial 
suggestion” system for military person- 
nel could be worked out which could 
be similar to the one the Navy adopted 
for Navy civilian personnel during the 
war with such great success. Ideas in- 
vestigated and accepted by appropriate 


military agencies, could be rewarded by 
extra points on rate promotion exams, 
and reduction in the service time re- 
quirements for routine promotions. 
Similarly, field service reports similar 
to the ones used by the large automotive 
concerns, might also be used effectively 
to complete the research-design-produc- 
tion-maintenance chain to ultimately re- 
sult in better designed military equip- 
ment for our armed services. 


(Note :—These comments have been 
abstracted from a series of test instruc- 
tion bulletins and field test reports pre- 
pared by the writer while with the Elec- 
tric Shop Ship Repair Force Test Sec- 
tion at the N. Y. Naval Shipyard, 
Brooklyn, N. Y., and from an unpub- 
lished work on selsyn systems.) 
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STUDY YOUR CENTRIFUGAL PUMPS 
BEFORE PARALLELING 


“Power.” 


ACKNOWLEDGMENT 


This article discusses the use of pump characteristic curves for safe paralleling 
of centrifugal pumps. Written by Roy Carter and Icor J. Karasstk of Worthing- 
ton Pump and Machinery Corp., it was published in the April 1952 issue of 


Pumping systems fall into (1) throt- 
tled and (2) unthrottled. In (1), flow 
is controlled by throttling with one or 
more valves the excess head developed 
by pump or pumps. On some systems, 
like boiler-feed, a throttle valve directly 
in the discharge line controls flow. In 
others, such as city-water supply sys- 
tems without a standpipe or reservoir 
floating on the distribution mains, the 
water users control pump discharge as 
they open or close valves to suit their 
needs. In (2), unthrottled systems, 
where pumps discharge into a standpipe 
or reservoir, flow depends on head they 
develop and normal characteristics of 
system. Here, we will consider throttled 
systems only. 


Boiler-Feed Pumps. Fig. 3 is a sim- 
ple boiler-feedwater hookup whose flow 
is controlled by throttle valve A. This 
valve can be positioned by hand or 
automatically by a feedwater regulator. 
Fig. 1 shows the feedwater-system head 
curves superimposed on the pump’s 
head-capacity curve. On these curves 
line CB represents boiler pressure plus 
the static pressure in the pumping head. 


< | -Q t | 
Rated pum, | 1 
3 Boiler pressure ples 
= 
t 
| 
| 
| 
Capacity - 


Fic. 1— Boiler-Feedwater system head 
curves plotted on feed pump head-capacity 
curves show capacities pump runs at. 


This pressure is practically constant 
varying only with slight changes in 
boiler pressure. 


When water is supplied the boiler by 
the pump, pressure against which it 
operates increases because of friction- 
head losses in piping, fittings, valves 
and other devices in the line. With valve 
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A, Fig. 3, open, we can assume that 
pressure due to friction losses increases 
along curve CD. This curve crosses the 
pump head-capacity curve at point L, 
which is the rated head and capacity 
of pump. 


Partly closing valve A increases fric- 
tion head and system’s head curve might 
rise to position CE. Further closing of 
valve A would produce other head 
curves like CF and CG. If valve is 
closed completely, pump pressure goes 
to shutoff at J. Then, by opening valve 
A, head curve can be varied so it ap- 
pears as a family of curves, represent- 
ing a fully closed valve at J and an open 
valve at D. 


With head-capacity curves for a 
boiler-feed pump as in Fig. 1, to supply 
the boiler with a quantity of water, Q, 
throttle valve is adjusted until system’s 
head curve is CF. This curve crosses the 
head-capacity curve at K and head 
against which pump operates is repre- 
sented by vertical distance H. Actual 
head required to deliver quantity Q to 
boiler on normal head curve CD is 
represented by H;. As pump develops 
head H at capacity Q, valve A will have 
to throttle away a head equal to H-H; 
or A. 


Rising Head Curves. Wher. two like 
pumps with steadily rising head-capac- 
ity curves operate in para'lel, system 
load should divide equally between 
them. Fig. 4 shows the head-capacity 
curve of either of two like pumps. To 
draw this curve for the two pumps 
operating in parallel we need only pro- 
ject capacity points at various heads 
on the curve to the right to double 
their value. For example, point 4, 1000 
gpm at 244-ft head, is extended to the 
right to 2000 gpm and 244-ft head, 
point B. The 2000-gpm intersection C 
is projected to 4000 gpm, point D, and 
in like manner 3000 gpm is projected 
to 6000, and 4000 to 8000 gpm, as 
horizontal dotted lines indicate. Curve 
drawn through these points is head- 
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Total head, feet 
$s 


Efficiency, % 
8 2 


88 8 


10 2 


° ¢ 4 


Copacity, 1000 gpm 

Fic. 2—Two pumps with unlike head-ca- 
pacity curves may operate in parallel but 
problem is different from one for like 
units. 


capacity characteristic for the two 
pumps. Each pump is rated 3500 gpm 
at 197-ft head, point E, so two pumps 
are good for 7000 gpm and the same 
head, point F, on the 2-pump curve 
shown in Fig. 4. 


Power input to the two pumps is 
about 400 hp, point G on the horse- 
power curve for two pumps. This curve 


Boiler 
A 


Throttle 
regulating-— 
valve 


Fic. 3—Simplified diagram of a boiler feed- 
water system hookup with a manually or 
automatically controlled valve at A. 
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_--Head-capacity for two pumps] in parallel 
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Capacity, O00 gpm 


Fic. i os don cc and brake-horsepower curves for two like pumps and combined 
curves for the two pumps in parallel. 


was! blotted by doubling the horsepower 
for one pump and doubling the capac- 
ity. For example, at 1000 gpm, the 
power is 125 hp for one pump, point H. 
So for two pumps it is 250 hp at 2000 
gpm, point J. Repeating this procedure 
at different capacity values we get a 
series of points through which the 2- 
pump power curve is drawn. 

If these two pumps operate on a 
throttled system and demand decreases, 
they must deliver less capacity. As a 
result, head developed increases and 
more throttling is necessary. For ex- 


ample, if demand decreases to 5000 . 


gpm, head developed increases to 227 
ft, point K, and power required is 356 
hp, point L. Each pump delivers 2500 
gpm against 227 ft and requires 178 
hp, point M. 

Unlike Characteristics. Two unlike 
pumps can operate in parallel, but they 
present different problems from two 
that are.alike. Let’s study the two 
units whose: characteristics are shown 


by full-line and dotted curves, Fig. 2. 
Either can be used alone on a throttled 
system: If power cost is high, pump 
with dotted curve would be preferred 
because its power at part capacities is 
slightly lower. 

Don’t infer that of two pumps the one 
with flatter head-capacity curve takes 
less power at part capacities, because 
this is not always true. Input depends 
on impeller and casing design, relation 
of design point to maximum efficiency, 
and other factors. So a pump with a 
steep head-capacity curve may take less 
power at part capacities than one with 
a flatter curve. But a unit with a steep 
head-capacity curve, full line Fig. 2, 
has the advantage in a single-pump 
throttled system requiring a greater 
travel of the throttling valve, because 
more head has to be lost across valve. 
Operation is more stable. 

Drooping-Head Curve. In spite of | 
having a drooping head-capacity curve, 
dotted line Fig. 2, this pump can usually : 
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be used on a single-pump throttled 
system as operating point is determined 
by throttle-system head. On some 
throttled systems with a single pump 
having a drooping head-capacity curve, 
flow surging may occur. This has also 
developed to a less degree with pumps 
having a stable, constantly rising head- 
capacity curve, full line Fig. 2, but such 
cases are rare. 

When two or more pumps operate in 
parallel, Fig. 5, each has its own piping 
and fitting losses as well as losses com- 
mon to both. Instead of using the true 
head-capacity curve, use one measured 
from A to B in system study. This is 
the true characteristic of the pumps 
minus piping and fitting head losses 
from A to B. Usually in throttled sys- 
tems, particularly in high-head applica- 
tions like boiler-feed, losses in each 
pump’s piping are such a small part of 
total head, they may be neglected. 

Combined Head Curves. Fig. 6 shows 
characteristic curves of two pumps, 


<-----Gate valves----7 


—Pump No.t 


Check valve», 
“--Gate valves--- 


Fic. 5—Simplified piping hookup for two 
centrifugal pumps run in parallel. 


each designed for 3500 gpm, 197-ft 
total head, point N, but with different- 
shaped head-capacity curves. A and B 
are head-capacity curves of the two 
pumps; C is the combined head-capacity 
curve. This curve includes values from 
D to E on curve B to which is added 
curve A, and extends from E to F. Point 
G on curve A is at 0 gpm, while E on 
B is at 2650 gpm, with 223-ft head on 
both curves. Combined capacity of the 
two pumps at 223-ft head is 0 + 2650 


Total head, ft 


toit Ir irs 


0 


OR 6 7 8 


000 gpm 


Fic. curves, ‘individual ‘and combined, for two pumps, each designed 
for 3500 gpm at 197-ft total head, but having different head-capacity. 
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= 2650 gpm. Point H on curve 4 is at 
228 ft and 1000 gpm. To get a cor- 
responding point for curve C we go to 
2450 + 1000 = 3450 gpm and 228-it 
total head. 

At 2000 gpm on curve 4, point K, the 
head is 22+ ft. Again, to get a corre- 
sponding point for curve C we go to 
260€ + 2000 = 4600 gpm and 224-ft 
head, point L. Repeating this operation 
we get a series of points through which 
curve C can be extended to represent 
the combined characteristics of the two 
pumps. Construction of this curve is the 
first step in finding how two pumps 
with unlike head-capacity curves per- 
form on the same system. 

Waterworks Plant. Assume these 
pumps are in a waterworks plant dis- 
charging directly into a distribution 
system at a normal total head of 197 
ft. At this head the two pumps dis- 
charge 7000 gpm, point M, where both 
have the same capacity, point N. If flow 
in system falls to 6000 gpm, point O, 
the two pumps develop 211-ft total head. 
Under this condition, pressure in main 
is 211-197 = 14 ft, or 6.06 psi higher 
than desired. This is something that 
must be accepted unless speed adjust- 
ment controls pump output. Of the 
6000-gpm discharge, 3100 gpm is sup- 
plied by pump B, point P, and 2900 
gpm by 4, point Q. 

When points of total discharge and 
head are determined on curve C to find 
division of load between two pumps, 
project horizontally to left from C to 
intersect curves A and B, as indicated 
by dotted line from O to Q. 

If flow from system decreases to 5000 
gpm, total head increases to 221 ft, 
point R. Projecting to the left from R 
we intersect curve B at 2730 gpm, point 
S and A at 2270 gpm, point T. On re- 
duction of discharge to 3000 gpm, point 
U, head goes to 226 ft. Discharge of A 
drops to 500 gpm, point W’, and to 2500 
gpm on B, point V. 


If system head is throttled to 230 ft, 
discharge drops to 2350 gpm for pump 
B, point Z. A won’t discharge because 
system head has increased above the 
maximum 227 ft, point H for this unit. 
Pump 4A is therefore “backed off the 
line” by B, and operates at shutoff, a 
dangerous condition even for a short 
time. The two pumps should not oper- 
ate in parallel at a capacity below a 
safe minimum. 

Load Division. Assume A operating 
alone and discharging 2600 gpm, at 216- 
ft head, point X, when B starts. The lat- 
ter has a head-capacity curve higher 
than 4 and picks up the load to back A 
off the line. If flow in system stays con- 
stant at 2600 gpm, the head rises to 224 
ft, point Y. On the other hand, if B had 
been discharging 2600 gpm alone and 
A had started, A could not have sup- 
plied any water to the system. 

Suppose these pumps operate on a 
system where the demand changes slow- 
ly and one unit is taken out of service 
when the load falls below 3500 gpm. 
Under careful supervision the two could 
operate safely in parallel. At 5000 gpm 
combined flow, A discharges 2270 gpm 
at 221 ft head, point T, Fig. 2 and 6. 
Efficiency is 76.8%, point A, power in- 
put 165 hp, point B. Pump B discharges 
2730 gpm, point S, Fig. 2 and Fig. 6, 
with an efficiency of 82.3%, point C, and 
185 hp, point D. Total power for the 
two pumps is 165 + 185 = 350 hp. 

If both pumps were like A, a flow of 
5000 gpm would take 2500 gpm from 
each unit, point E, Fig. 2, and 173 hp 
per pump or 346 hp for the two. With 
both pumps like B the power for each 
is 178 hp, point F, or 356 for two pumps. 
In one case, with two units alike, power 
is less than for two unlike pumps, while 
in the other it is greater. This shows 
that having both pumps alike so load 
divides equally between them may not 
result in a driving-power reduction. 

Drooping-Head Curve. Two similar 
pumps with drooping head-capacity 
characteristics, dotted curve, Fig. 2, can 
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Fic. 7—Two similar centrifugal pumps having drooping head-capacity characteristics 
can give operating trouble when connected in parallel on a throttled system. 


give trouble when operated on a throt- 
tled system. Curve AB, Fig. 7, shows 
head-capacity characteristic of either 
of two like pumps operated in parallel. 
Curve AD is theoretical combined head- 
capacity relation of the two. This curve 
is developed as explained in Fig. 4, as- 
suming friction losses so low in each 
pump’s piping they can be neglected. 


Assume a water demand of 1750 gpm 
and 226-ft head, point C, with No. 1 
pump operating alone, when No. 2 
starts. Pump No. 1 operating at 226-ft 
head applies this pressure to check 
valve of pump No. 2 to hold it closed. 
This is greater than the shutoff head, 
223 ft, point A, of pump No. 2. Thus, 
this pump when it comes up to speed 
on shutoff, can develop only 223-ft head, 
not enough to open the check valve 
against 226 ft, and it cannot discharge 
into the system. 


Several tricks overcome this difficulty. 
Consider the two pumps, Fig. 5, with 
No. 1 operating at 1750 gpm. By 
throttling the discharge valve of this 
pump, pressure at B and on the check 
valve of No. 2 can be reduced below 


the shutoff head of this pump. Then, 
when it is started it can open check 
valve and take part of the load. This 
and other tricks to get second pump on 
system generally require careful han- 
dling of valves and timing. 


Division of Flow. With two pumps 
having drooping head-capacity curves, 
Fig. 7, flow may not divide equally be- 
tween them even if they are hydraulic 
duplicates and operate at the same 
speed. For example, to supply a de- 
mand of 2250 gpm, point E, load could 
be divided equally with the two oper- 
ating at 1125 gpm and 228-ft head, point 
F. Or under this condition one pump 
may operate at point C, 1750 gpm, and 
the other at 500 gpm, point G. Heads 
at these points are equal, but this does 
not insure stable operation. 


It is not good practice to operate in 
parallel two pumps with drooping head- 
capacity curves, Fig. 7, at capacities at 
which head exceeds shutoff. In Fig. 7 
this is 2100 gpm and 223-ft head for one 
pump, point H, or 4200 gpm and the 
same head, point J, for two. When the 
two operate at this or a greater capac- 
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ity, they are on the stable part of their 
head-capacity curves and divide flow 
about equally. Also, one pump cannot 
take all load and shut off the other. 
Operating Requirements. For two 


pumps to run in parallel on a throttled 
system they should: (1) have head-ca- 
pacity curves that rise steadily to shut- 


off, (2) have the same percentage re- 
duction in capacity over their possible 
operating-head range or at least deliver 
some capacity. Usually, two or more 
units with stable head-capacity curves 
and about equal shutoff heads, share 
load nearly equally at their lower ca- 
pacities. 


A NEW MAN ENGINE 


DISCUSSION OF 
MR. E. C. MAGDEBURGER’S ARTICLE 


“The Most Efficient Diesel Engine” 


BY FREDERICK NETTEL, MEMBER 


sented by Drs. Pflaum and Eichelberg. 


Discussion 


In the February 1952 issue of the JournaL Mr. E. C. MaGpeBurGER presented 
“The Most Efficient Diesel Engine.” Printed below are a discussion by Mr. 
Frederick Nettel and Mr. Magdeburger’s reply. Following that exchange of views 
we publish the engineering and test data of the engine under discussion as pre- 


It will be very interesting indeed to 
have more information on the MAN 
tests. 


It seems, however, desirable even at 
this moment, to comment on Mr. Magde- 
burger’s remarks in order to reestab- 
lish a proper perspective: 

Precooling of the air before it enters 
the compressor (see page 170 near bot- 
tom), to have an appreciable effect, is 
obviously predicated on the availability 
of a cooling medium very substantially 
lower in temperature than the ambient 
air. It will be interesting to learn 
whether such a cooling medium is avail- 
able or can be made available on board 
ship, or fur that matter in most other 
applications. 


_ Thus most of the cooling will have to 
be done during and/or after compres- 
sion. The effect of both were indeed not 
only thermodynamically predictable but 
well known for decades from practical 
engine application. Such cooling is prac- 
ticed so far mostly on larger engines. 


Also the shortcomings of the Buchi 
system have been recognized for many 
years, but it remained unchallenged un- 
til turbocharged sets of much higher 
product efficiency became available. 

MAN accepts what are considered 
today very high peak pressures for no 
other reason than “that the reliability 
of ignition by compression must not be 
jeopardized, especially during starting.” 

These high pressures admittedly cause 
the adoption of a crosshead design which 
materially increases engine height, and 
larger bearings. Both must increase the 
specific engine weight substantially. 

The question arises: are these high 
pressures with the mentioned conse- 
quences unavoidable? 

The answer, on the basis of the pres- 
ently known state of art is NO. 

It has been shown both to the indus- 
try and to the Navy that it is possible 
to design an engine with compression 
ratios much lower than that chosen by 
the MAN (even down to 9:1 or less) 
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and still start it reliably. It can be 
reasonably predicted that starting of 
such an engine will be possible even at 
abnormally low ambient temperatures. 


This is done by providing in an en- 
gine designed with a compression ratio 
too low for compression-ignition, a sim- 
ple auxiliary combustion chamber in a 
by-pass pipe between the compressor 
discharge pipe and the exhaust gas tur- 
bine inlet, which permits the turbo- 
charger set to be operated prior to 
starting the engine as an independent 
gas turbine set supplying precompressed 
and therefore suitably preheated air to 
the cylinders. This c »mbustion chamber 
need be operated only for short periods 
so that the economy of the engine is not 
harmed. 


Such a turbocharger set can even be 
used for cranking the engine. 


The MAN—or perhaps Mr. Magde- 
burger only—seem to make a virtue of 
the high compression ratios and ascribe 
the superior performance of their en- 
gine to them. Prof. Pflaum himself has, 
however, shown that the theoretical 
cycle efficiency for the mixed combustion 
cycle chosen by the MAN rises very 
little indeed for compression ratios in 
excess of 20:1 and falls by about as 
much with falling air intake tempera- 
ture. (See Pflaum “IS-Diagramme fuer 
Verbrennungsgase”’ pp. 24 and 29.) Any 
increase that may be left is likely to be 
eaten up by the deteriorating mechanical 
efficiency. 


At best only a portion of the improve- 
ment in fuel consumption can thus be 
accounted for by the increase in com- 
pression ratio; the rest must be due to 
better combustion. MAN also utilizes 
to good advantage the recent great ad- 
vances in compressor and turbine design 
(sparked by gas turbine developments ) 
which: result in a turbocharger set ca- 
‘pable:of furnishing the high density 
charging) ait’ with comparatively low 
‘turbine inlet temperatures. 


On the basis of experimental work on 
much smaller engines it can be stated, 
however, that similar results are obtain- 
able without the penalties in pressures, 
and consequently weight and space, in- 
volved in the MAN design, by adopting 
the system proposed by the writer. This 
system gives complete freedom in the 
choice of top pressures while ensuring 
not only equal but superior starting per- 
formance. 


Mr. Magdeburger’s criticism of the 
U.S. Diesel builders seems justified even 
though he cites engines of rather old 
vintage. It is not quite clear what the 
Nordberg gas engine has to do with the 
problem under discussion. 


MAN’s clear thinking and courage in 
developing this engine deserves credit, 
especially if we remember that there is 
no government which can be asked to 
foot the bill. MAN’s forthcoming report 
will be read with great interest by all 
concerned and it must be hoped that it 
will reawaken interest in similar de- 
velopments going on in this country. 


In his concluding remark Mr. Magde- 
burger displays a redeeming sense of 
humor by proposing a marching forma- 
tion which will give food for thought 
to the best military minds: He suggests 
to stay “ahead of the rest of the world” 
—while remaining all the time carefully 
behind Germany ! 


In reply to Mr. Nettel: 


Mr. Nettel’s comments upon my at- 
tempt at evaluating the new MAN high- 
pressure turbocharged four-cycle engine 
present a welcome opportunity for fur- 
ther discussion of resulcs obtained in 
testing this milestone of progress. 


First it must be noted that discussion 
of exhaustive tests of a 1400-horsepower 
engine is different from Mr. Nettel’s 
presentation of claims made on the basis 
of experimental work on much smaller 
engines. The first has reached the “proof 
of the pudding” stage while the latter 
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merely reflect the enthusiasm of the in- 
ventor. Actual test data of the engine 
have been published in the German 
VDI ZEITSCHRIFT of 21 Dec. 1951, 
p. 1113 and an extract in the “British 
Motor Ship” of Apr. 1952, p. 18 and 
will be published in full in this JouRNAL. 


The principal thing to remember is 
that a given cylinder volume has been 
made to yield three times the power of 
conventional atmospheric induction en- 
gine and in addition proved to be “the 
most efficient.” The price paid for it by 
MAN is higher peak pressures, that is 
quite true, but Mr. Nettel questions 
even the availability of the cooling 
medium—actually the Augsburg water 
was quite adequate. 

Mr. Nettel’s assurance that high peak 
pressures are avoidable and his predic- 
tion that engines with compression ra- 
tio of 9+1 or less can be started “by 
adopting the system proposed by Nettel” 
need not be doubted. Eventually means 
will be developed to accomplish both, 
but at the moment MAN chose the sim- 
plicity of adequately high compression 
ratio to do it. 

High compression ratios have not 
been discussed in my article and there- 
fore no undue virtues have been claimed 
for them by me. If anything the com- 
pression ratio of the new engine is as 


low as would provide starting ignition 
reliably and simply and it actually is 
below the conventional figures now used. 

I rejoice in the low fuel consumption 
demonstrated by the engine and believe 
it is the result of many causes named 
in the Eichelberg-Pflaum article. But, 
as stated above, the main thing is—it is 
the lowest ever—practical engineers are 
not likely to quarrel about the reasons 
why. Furthermore recent proposals tu 
the Navy have shown that the results 
obtained by MAN have already had 
their beneficial effect on the engine in- 
dustry in this country. 


The new Alcoa plant at Lavacos, 
Texas, one of the largest in the world, 
supplies power for production of alu- 
minum at lowest possible cost, yet its 
BMEP rating is only about one-fourth 
of that demonstrated by the new MAN 
engine. Is that not sufficient reason for 
including it in the comparison table? 


Finally may I ask Mr. Nettel what 
is wrong with the invitation for “the 
Navy making use of the new engine 
ahead of the rest of the world”? Does 
it mean “remaining behind Germany”? 
If so, let us make use of the new engine 
anyway. 

E. C. MAGpEBURGER. 
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HIGH PRESSURE CHARGING OF DIESEL 
ENGINES TO INCREASE OUTPUT AND 
REDUCE FUEL CONSUMPTION 


ANALYSIS OF TEST RESULTS OF A NEW 
MAN FOUR-CYCLE ENGINE 
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BASIC CONSIDERATIONS FOR INCREASE OF OUTPUT 


The concept of output increase, gen- 1 
C =constant equal to —— for 
erally speaking, refers to an engine- 900 
unit and to begin with, it is immaterial ts ee 1 Pompe 
how it is done. The various possibilities 


are clear from the study of the basic cycle engines 
equation of brakehorsepower of an in- V;, = displacement of a single 
f ternal combustion engine working cylinder in liters 
N, = C* V,,°z.n.p. z =number of working cylin- 
d 
(European equivalent of the well-known 
PLAN n =revolutions per minute or 
American counterpart BHP = 33000 ) rpm 


Pe = brake mean effective pres- 


where N, = brakehorsepower (metric) sure or BMEP in kg/cm? 
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Each of these four variable quantities 
influences the engine output. But these 
four variables are not independent of 
each other, the displacement (V,,) and 
rpm (n) are particularly closely related. 
The mean piston speed can be increased 
only up to a definite limit because of 
dynamic stresses of piston and crank 
mechanism and gas pressure losses, so 
that for a general consideration it may 
be assumed that 


s.n 
Ch = 30 constant 


The stroke s and cylinder bore d in 
order to produce a conventional form of 
the combustion space and normal cylin- 
der dimensions can also be varied but 
little in their relative size, so that it will 
be assumed here that 


s 
a constant 


The displacement volume of one cylin- 
der 

d? 
Vp = 


Therefore the engine output 


- 


N.=A, . = A,.d?.z.p, 


where A, and A, are constant. 


Basically nothing will change the 
sharp decline in cylinder output with 
rising rpm when simultaneously the 
mean piston speed is increased 2 to 3 
fold and the stroke-bore ratio reduced 
by 2 to 3. It would decline even with the 
third power of rpm if it were not for 
the fact that this well known phenome- 
non is embodied in the above formula, 
that under the same conditions the horse- 
power per liter. 

N, = os = A,.n.p, (A, = constant) 

Guided by the above relations it is 
possible to answer the question—how 


must a given engine be modified to 
secure a desired multiple increase of 
output. Table 1 gives these changes for 
the four variables of the output equation 
and for two additional modifications of 
cylinder bore for the assumption that 
the output must be tripled. In addition 
the basic engine was assumed to have 
an output of Ne, = 1000 HP, with the 
mean piston speed and stroke/bore ratio 


assumed constant —c,, = 6m/s - = 13; 
The other values in the table are self- 
explanatory. 


How the values in the table were 
arrived at is not going to be further 
detailed. The four limiting cases, cor- 
responding to the four variables of the 
output equation are especially noted. 
It is at once apparent how easy it is to 
obtain the desired increase in output 
by increasing the displacement Vh,, if 
the increased size of the engine can be 
accepted. Multiple increase of rpm, ng, 
leads to an intolerably high number of 
cylinders even when the possible in- 
crease in mean piston speed—because of 
smaller cylinder dimensions—would cut 
the number of cylinders approximately 
in two. These two lines make it clear 
why engines of large output in general 
have cylinders of large dimensions and 
at the same time are of low rpm, while 
fast running engines although of small 
dimensions and high specific output per 
liter can develop only limited output 
because of practical limits to the number 
of cylinders per engine. Even by retain- 
ing the original cylinder dimensions 
(d, = 460 mm = 18.1”, s = 600 mm = 
23.6”) and simply increasing their num- 
ber z,, a threefold increase in output 
would lead to an unacceptable z = 3z, 


= 18 cylinders. On the other hand 
neither the cylinder dimensions nor their 
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TABLE 1 
CHANGES IN VARIABLE CHARACTERISTICS FOR DIFFERENT Ways To INCREASE 
ENGINE 
Ne, N. = Ne, 
(1000 HP) (3000 HP) 
de V3d, | W3d do de d. 
v3 3 
Vin, VAY Vn, 3.Vi, Va, Vn, / Vu, /38 Vi, 
No ite No No No 
(300 rpm) V3 Ws (300) | V3m |f 3m (300) 
Zo Zo 73 3 Zo 3? Z 33 7 Zo 
(6) (6) ve oD (54) (162) (6) 
; : Pe, Pe, Pe, Pe, Pe, Pe, 3 Pe, 
(5 ks/cm?) (5) (5) (5) (5) (5) (15) 
Nj N; 
(HP/ltr.) v3 V3 Nie MAN My 


Note: The assumed or resulting values of the most important characteristics are 
given in parenthesis, additional are given in the text. 


number need be changed when the brake 
mean effective pressure (BMEP or p,,) 
is increased to correspond with the de- 
sired increase ix output. The relations 
remain clear and simple and the same 
increased specific output per liter Nu, 
is obtained without the excessive num- 
ber of cylinders. 


The above elucidated advantages of 
increasing the output by increasing the 
mean effective pressure as opposed to 
other possible means of doing it have 
been promoted only in the tast 20 years 


although Buchi began studying them 
some 40 years ago, and they become the 
more clear the higher the mean effective 
pressure is raised. In the last few years 
a sudden jump ahead achieved results 
which will be discussed in the following 
pages. Before that however it must be 
briefly stated what thermodynamic and 
mechanical requirements must be ful- 
filled in an internal combustion engine in 
order to achieve simultaneously with 
the increase of mean effective pressure 
an increased thermal efficiency, i.e., bet- 
ter utilization of fucl as well. 
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SUPERCHARGING VS. HIGH-PRESSURE CHARGING 


In supercharging the working cylin- 
der of an I.C. engine is supplied with 
more air than it can induct by the out- 
ward moving piston out of the ambient 
atmosphere. A larger charge of air 
would allow a larger quantity of fuel 
to be burned therein and a greater 
amount of energy developed with each 
filling of the cylinder with consequent 
higher mean effective pressure and a 
lower specific fuel consumption. 


The power expended to supply the air 
charge must be kept as low as possible 
so that the increase in mean effective 
pressure would not be substantially low- 
ered and the fuel consumption per horse- 
power of useful load would not be 
thereby increased unduly. Of the differ- 
ent possible ways to provide the air by 
a blower the following constitute the 
principal and limiting possibilities : 

a) the blower is driven mechanically 
by the engine itself, and 


b) the energy of engine exhaust 
gases is utilized in a turbine driving 
the blower. 


The effect of charging is best and 
clearest shown by the schematic p V 
diagram—Fig. 1. Because of charging, 
the compression in the engine cylinder 
will begin with a higher pressure than 
atmospheric and a charging loop is 
formed. It is of positive value how- 
ever, since the cylinder charging pres- 
sure P, ,,; is greater than the back- 
pressure p,. If the charging blower is 
direct engine-driven the engine exhaust 
gases are discharged direct into atmos- 
phere with the pressure pg, mech Whereas 
for exhaust gas-driven turbocharger the 
pressure Pp... ang is higher to account for 
the pressure drop in the turbine. 


The area of the charging loop, which 
is positive in the supercharged engine, 
is about 3 to 9% for the mechanically 
driven blower and 1 to 3% of the total 
area of the card for the exhaust gas- 


c 
e 
¥ 
Tg, abg. _Tegymech. 
Volumen 
Fig. 1—Schematic pV diagram for 
supercharging. 
Po —atmospheric pressure 
pa —charging manifold pressure 


Pa-zy1 —charging pressure of cylinder 

Pg-abg —exhaust pressure in working cylinder 
when exhausting into turbine 

Pg-meeh—exhaust pressure in working cylinder 
with mechanically driven blower 

Ve —compression space 

Vi —displacement volume 


driven turbocharger. The power input 
of the mechanically-driven blower is 
about double the loop area on the card 
because of losses in the gear drive, i.e., 
about 6 to 18%. In the exhaust gas- 
driven turbocharger however, the total 
power input to the blower results from 
additional expansion of gases and the 
consequent reduction in the charging 
loop. Thus the mechanical drive results 
in (6 to 18) less (2 to 6) = (4 to 12)% 
lesser output and correspondingly in- 
creased fuel consumption, as compared 
with the exhaust gas-driven turbo- 
charger. 


The smaller values of these numerical 
results, obtained experimentally as well 
as by calculation, refer to smaller en- 


515 


lo 
0) 
) 
ye, 
5) 
are 
them 
ie the 
octive 
years 
esults 
wing 
ist be 
> and 
 ful- 
ine in 
with 
|| 


A NEW MAN ENGINE 


gines which operate at full load with 
smaller air excess and relatively smaller 
supercharging and the larger values 
cover engines using large excesses of 
air and higher supercharging. The upper 
and more important area of the pV dia- 
gram for the same compression ratio, 
the same air excess, the same peak pres- 
sure ratio p,/p,—see Fig. 1—and the 
same charging air temperature t, at the 
beginning of compression increases pro- 
portionally to the charging pressure but 
without increasing the temperatures of 
the working cycle. Furthermore it must 
be noted that the efficiency of the cycle 
increases with increasing compression 
ratio, increasing air excess and increas- 
ing compression pressure ratio. Such an 
improvement of the basic cycle, which 
is known quantitatively from published 


research,! must actually exist in the en- 
gine if its operating conditions are not 
lower. 


The above named influences must all 
be considered if it is desired to super- 
charge the engine to get a much higher 
output and simultaneously or even pri- 
marily obtain an improved fuel con- 
sumption. Such was the case when 
MAN decided to continue its develop- 
ment of supercharged diesel engines.” 
A peak pressure of 1700 psig (120 at.) 
was accepted although it was well known 
that Dr. Diesel himself failed with pres- 
sures at 1278 psig (90 at.) and had to 
use lower pressures. Meanwhile, of 
course, over 50 years have passed ond 
today the newly developed materials and 
better understanding of the phenomena 
make such a step possible. 


CONSTRUCTION—GENERAL ARRANGEMENT 


The construction of an experimental 
engine which according to preliminary 
research on normal engines could pro- 
duce a BMEP of 213-227 psi (15-16 at.) 
when turbocharged and at the same 
time have a minimum fuel consumption 
began several years ago. In addition to 
the above mentioned basic thermody- 
namic considerations such questions as 
stroke bore ratio, number of valves in 
the cylinder head, trunk piston vs. cross- 
head, etc., had to be considered in un- 
dertaking the design of the new engine. 
At the same time the new engine had to 
be suitable for continuous operation, 
which meant that the stresses in the 
frame, crank mechanism and especially 
in the bearings should not exceed the 
usual limits. Finally a multi-stage type 
of turbocharger for the high charging 
pressures—had to be adopted. High 
pressure charging and the desire for 
low fuel consumption dictated that the 
engine could not be below a certain out- 
put in order to get a turbocharger of 
satisfactory efficiency. 


All of these considerations resulted in 
a six-cylinder engine of 11.78” (300 
mm) bore and 17.71” (450 mm) stroke 
of crosshead type, Fig. 2. In the cross- 
head design the piston is free of the 
increased forces due to angularity of 
the connecting rod and the separation 
of cylinder volume from crankcase in- 
terior guarantees minimum lubricating 
oil consumption and is very desirable for 
heavy oil operation. Bedplate and crank- 
case were made of welded construction 
since it surely is quickest and cheapest 
for a single engine of experimental type. 
The individual cast cylinders form one 
continuous block by means of an upper 
plate and the cylinder interior is sepa- 
rated from the crankcase by cylindrical 
crossheads sliding in suitably bored out 
guides. 


Tie rods hold together bedplate crank- 
case and cylinder block—this reliable 
type of construction is especially suit- 
able for this engine since the combustion 
peak loads are double the values of a 
normal type of engine. 
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Fig. 2—Cross section of the test engine— 
MAN type K6V 30/45 bore—11.8”, stroke 
—17.7", rpm—400. 


The bearings—main, crankpin and 
crosshead—all are filled with 10% white 
metal. Despite the doubled combustion 
peak pressure they are so dimensioned 
that the normal value of specific pres- 
sure is not exceeded so that this simple 
type of bearing metal can be utilized. 

By using two intake and two exhaust 
valves the valves remain of small size 
but provide generous flow areas, small 
losses and an easy arrangement for the 


Fig. 3—Welded bedplate of the six-cylinder 


test engine. : 


charging manifold on one side and a 
divided exhaust manifold as normally 
used in Buchi turbo-charged engines on 
the other side of the engine with special 
consideration of flow requirements to 
and from the turbocharger. 


The welded bedplate—Fig. 3—and 
crankcase were taken over from the 
original three-cylinder experimental en- 
gine which was originally used for the 
basic high pressure charging experi- 
ments with the air supplied by an out- 
side source. All other parts of this en- 
gine could be utilized, which was very 
desirable to accumulation of test experi- 
ence. This could be done of course only 
because bedplate and crankcase were of 
welded type. Fig. 4 is a front view of 
the engine and shows the charging 
manifold connecting to the turbocharger 
on the left, the latter being arranged on 
the back or exhaust side of the free 
end of the engine. 


Fig. 4—Front view rr test engine—intake 
side. 
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DETAILS 


The crankshaft—Fig. 5—to meet the 
doubled peak pressures is of larger size 
as compared with an atmospheric intake 
engine of the same cylinder bore. It is 
however considerably smaller than that 
of a 50% turbocharged engine of the 
same cylinder output. The cylinder cen- 
ter to center distance is between the 
other two. 


The chosen type of crosshead permits 
a large bearing surface so that here too 
the normal specific load could be re- 
tained. Reliable bolted joints to the 
piston rod and to the connecting rod 
could here be incorporated. 


400 


| \ 
| GV 40/60 


+ 


Fig. 5—Comparison of cranks—upper two 
for the same bore, lower two for the same 
horsepower. 
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Fig. 6—Uncooled cast aluminum piston of 
test engine. 


To consider one part of the mechanism 
more important than the other is rather 
risky, but it must be admitted neverthe- 
less that the working piston, Fig. 6— 
deserves special consideration being sub- 
ject to mechanical as well as thermal 
stresses. In all such parts it is im- 
portant to preserve simplicity and 
straight-forwardness of construction. 
This is especially the case when both 
pressures and the heat to be handled 
exceed the heretofore common limits and 
the distortions to be expected are to be 
greater. The choice of crosshead for 
the single-acting four-cycle engine is 
largely in response to the above con- 
siderations. Even for a bore of 11.78” 
(300 mm) the cast aluminum piston 
could be made uncooled. 


The cast iron cylinder head is shown 
in Fig. 7 with a design of one hereto- 
fore used on an engine of a similar 
bore. It differs not only in the number 
of valves and holding-down bolts but 
also in shape. The cylindrical outer wall 
is directly over the cylinder gaskets so 
that distortions due to high combustion 
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Fig. 7—Cylinder heads. 
left—cast iron head of a normal engine of 11.21” bore 
right—cast iron head of test engine of 11.8” bore 


pressures could be avoided. To get a 
more effective cooling of the bottom flat 
plate covering the cylinder a double wall 
was provided as well as ribs between the 
outer wall and valve cannons to get a 
forced circulation. The valve guide pis- 
tons are provided with rings because 
of high charging and exhaust pressures 
and are guarded against side thrust by 
using rollers on valve levers. 


Thus all the details of construction 
of this new engine are not unusual but 
only carefully chosen to meet the new 
working forces and higher thermal loads. 


Turbine and blower of the turbo- 
charger are of multi-stage design be- 
cause both exhaust gases and charging 
air are of higher pressure than hereto- 
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Fig. 9—Rear view of test engine— 
exhaust side. 
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Fig. 8—Longitudinal section of 

the turbocharger. 
a—exhaust gas turbine—5 stages 
b—blower—9 axial stages 
c—blower—single centrifugal stage 
d—intercooler 


fore used and to get the highest possi- 
ble efficiency of the combined unit, Fig. 
8. The blower is divided into axial and 
radial parts. A number of reasons in- 
fluenced this choice—the blades of the 
higher stages of the axial blower for 
this size of engine would be so short 
that its efficiency would be jeopardized, 
besides the combination permits a 
smooth flow of air to and from inter- 


cooler, to the aftercooler and to the 
charging air manifold on the front of 
the engine, Fig. 4. 

The axial parts of the turbocharger 
unit are sufficiently small in diameter 
that it could be placed quite close to the 
engine and the centrifugal blower with 
its diffuser had ample room on the end 
of the engine, Fig. 9. The turbocharger 
normally runs at about 12,500 rpm. 


TEST RESULTS—CONDUCT OF TESTS 


Both authors went to great pains to 
secure reliable results. This does not 
mean however that the engine was in 
any way babied or specially set up. 
Quite the contrary, we endeavored to 
evaluate the condition of the engine, 
after many hundreds of hours of opera- 
tion and made a conscious effort to see 
that the measurements made for the 
steady-state condition were adequate in 
extent, accuracy and painstaking care.® 


It was also necessary of course to 
determine, besides the conventional test 
data, such values which would clearly 


indicate the inner phenomena and their 
influence on the question whether the 
engine could satisfactorily carry the in- 
creased loads indefinitely. In addition 
to indicator cards over 80 values were 
recorded for each observation point. It 
goes without saying that all instruments 
and measuring devices were carefully 
calibrated and continuously tested to as- 
sure perfect operation. Control calibra- 
tions and fuel analysis were also carried 
out by the Technical University Miin- 
chen and at the Physical-Technical 
Federal Laboratory in Braunschweig. 
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Instructions on the use of instruments 
were carefully complied with and check 
tests were made to assure reproducible 
results. 

The evaluation of the most important 
results follows. Due to space limitations 
only the results of the series of tests 


covering constant rpm operation are re- 
produced. Operation at propeller speed 
and the influence of the charging air 
temperature can only be mentioned in 
the hope that opportunity may present 
itself to publish further details at a 
later date. 


GENERAL OPERATING DATA 


The most important operating data 
were plotted as functions of brake mean 
effective pressure (BMEP = p,) in Fig. 
10.4 A BMEP of 213 psi (15 at.) was 
assumed as a normal full load for de- 
sign purposes. Fuel consumption reached 
its lowest value at about 227 psi (16 
at.) and was definitely below 0.313 
Ibs./BHP-hr (140 g/PSeh.* Referred 
to fuel used, which had a low heat 
valve of 18,300 BTU/Ib (10,170 K. 
cal/kg). The thermal efficiency is cal- 
culated as 44.6%—a most remarkable 
value. It is the result of the proper 
utilization of the above mentioned influ- 
ences as well as of reduced friction loss 
to be discussed later. 


Many check measurements are en- 
tered in Fig. 10. Arrows, indicating the 
lowest range, confirmed again and again 


the above important values. Further- 
more the fuel consumption curve is re- 
markably flat, especially at still higher 
output ratings—at 284 psi (20 at.) 
BMEP the fuel consumption is. still 
barely .317 Ibs/BHP-hr. 


The supercharging pressure p, and 
the back pressure p, intersect at about 
¥ of output and at the point of optimum 
fuel consumption at about 227 psi (16 
at.) BMEP they are about 7 psi apart. 
The difference between these two pres- 
sures is indicative of the efficiency of 
the turbocharger. This very favorable 
value results for instance in the exhaust 
gas temperature before the turbine being 
only 932° F. (500° C.). It rises then 
with the rising temperatures of charging 
air to about 1040° F. (560° C.) and 
stays thereafter still below 1112° F. 


*Translator’s Note: In Germany the low heat value of fuel is used in calculating 
the efficiency of an internal combustion engine. In the United States the high heat 
value is in common use and is specified by the ASME Power Test Code. The 
difference between the high and low heat values is the heat loss due to hydrogen 
content of fuel yielding water as one of the products of combustion, which amounts 
to about 514%, but can be determined accurately only when the chemical composi- 
tion of fuel (hydrogen content) is known. The fuel consumption figures are obviously 
not at all affected by the heat value of the fuel but the German figures for thermal 
efficiency are somewhat greater because they are referred to low heat value. How- 
ever, German fuel consumption figures refer to the metric horsepower PS, which is 
98.63% cf BHP. Furthermore, while the lubricating oil pump of the engine tested 
was driven by the engine the circulating water pump was driven by an electric 
motor but the power required by this motor (about 3 KW at full power of engine) 
was not deducted from the useful output of the test engine—a customary German 
procedure. 
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Fig. 10—Values for operation at constant rpm (n= 400) with different mean effective 


pressures (BMEP). 


32 
600 
BE 
150 Ber 200 & 
100 | 1560-8 20 
be ° 
mittlerer nutzbarer Arbertsdruck 


Fig. 11—Values for operation at propeller rpm. 


Figs. 10 and 11. 


pa—charging pressure 


Pe—mée&n exhaust back pressure 
ps—-peak combustion presstire ata-atmospheres ab- be = specific fuel consumption g/PSeh 


solute (14.2 psi) 


o —Messreihe 1V-Series IV 


+ —check measurements 
n —Drehzahl = rpm 


Be—Brennstoff-Verbranch kg/h = total fuel con- 
sumption 


pr—mean friction pressure at idling 
pe—mittlerer nutzbarer Arbeitsdruck = BMEP 
tg—mean exhaust temperature in °C. 
ta—charging air temperature 
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(600° C.), a value reached with con- 
ventional turbocharger for half as large 
BMEP. This temperature of 1112° F. 
(600° C.) is still within the limit of 
temperature for continuous operation of 
an uncooled turbine impeller. 


The right branch of the charging air 
temperature curve t, is somewhat steeper 
because the charging air cooler was de- 
signed for a BMEP = 213 psi (15 at.) 
and for higher loads could not cool it 
any lower—especially on test days with 
high ambient air temperatures. From 
the similar curvatures of the charging 
air curve t, and of the exhaust tempera- 
ture curve t, their interdependence is 
plainly discernible. The cooling of the 
charging air is therefore essential not 
only for the more efficient filling of the 
cylinder but also for the possible in- 
crease of the BMEP carried by it. Be- 
sides the investigation of the influence 
of charging air temperature has shown 
that fuel consumption rises with the rise 
in air temperature. At full power, air 
temperature rise from 93.5° F. (34.19 
C.) to 158° F. (69.8° C.) resulted in 
.0053 Ib/BHP-hr (2.4g/PS,,,) increase 
in fuel consumption, which corresponds 
to an increase of 1.7%. 


Finally, the combustion peak pressure 
is to be noted, for a BMEP of 213 psi 
(15 at.) it reached a maximum of 1700 
psig (120 at.) as anticipated, while the 


compression pressure rose to 1164 psig 
(82 at.) due to the retained high value 
of compression ratio of E= 13. The 
peak pressure ratio p,/p, = 120/2.35 = 
51 is of normal value for engines of 
large output and of conventional type 
despite the high combustion pressure. 
The retention of this ratio for increased 
compression and combustion pressures 
is, as already shown, very important for 
attaining low fuel consumption and low 
exhaust temperature. 


Of interest are the differently varying 
values of these characteristics when pro- 
peller load is carried by the engine, Fig. 
11. In the common point, corresponding 
to 400 rpm and 213 psi (15 at.) BMEP, 
it is obvious that the same values will 
exist in both diagrams. The pressures 
and temperatures before as well as after 
the turbocharger and also the fuel con- 
sumption will be different however due 
to lower rpm and_ correspondingly 
higher BMEP for the same output. The 
slight hump in the exhaust temperature 
curve t, is to be noted. This results 
from the fact that, according to propeller 
law, the engine output is proportional 
to the third power of rpm whereas 
the BMEP varies as the square of rpm. 
Other influences are the charging air 
temperature and the operational char- 
acteristics of the turbocharger. How- 
ever, the exhaust temperature at this 
point is still low at 960° F. (515° C.). 


MEAN WORKING AND FRICTION PRESSURES 


The combustion peak pressures and 
thereby the combustion phenomena in all 
cylinders were continuously observed by 
means of pulled diagrams from a con- 
ventional mechanical indicator. A DVL 
glow lamp indicator ‘of the DVL 
(Deutsche Versuchsanstalt fiir Luftfahrt) 
balanced diaphragm type was installed 
on cylinder number 1 for continuous 
checking of high pressures within, for 
determinations of mean indicated pres- 
sures and of friction pressures. 


On Fig. 12 are shown three rep- 
resentative indicator cards, correspond- 
ing to full power of the engine when 
(1) not supercharged, (2) convention- 
ally turbocharged and (3) high-pres- 
sure turbocharged. The beginning of 
the combustion and its progress show a 
normal picture of a well-tuned diesel 
engine. The combustion pressure rise, 
except for very small loads, shows 28- 
42 psi. (2-3 at.) and at overload about 
52 psi (3.7 at.) per degree of crank 
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Fig. 12—Pressure-time indicator cards for three different outputs at 400 rpm. OT—top 
dead center, UT—bottom dead center pi. mean indicated pressure without crediting 
pressure loop. 
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Fig. 13—Exhaust back pressure between engine and turbine for three different outputs 


at 


Pa —charging pressure 
Pgm—mean exhaust back pressure 
pe —BMEP 


Abgasdruck atii—exhaust 


movement corresponding to perfectly 
normal value of a quiet burning. The 
“weak spring” cards are not reproduced 
here for lack of space. Reproductions 
of exhaust gas back pressure oscilo- 
grams for three different loads are 
added in Fig. 13. Even though the ex- 
haust gas pressure peaks rise to about 
5.4 psig (18 at.) there is available a 
substantial scavenging air pressure drop 
to be made effective through valve over- 
lap in the upper dead center. The more 
the back pressure drops the easier it is 
to scavenge the gases out of the cylinder, 
since not only is the available scaveng- 


rpm. 


OT—top dead center 
UT—bottom dead center 
2 —Umdrehungen = 2 revolutions 


pressure—atmospheres gage 


ing air drop greater but the residue of 
combustion gases gets less at the same 
time. 


The friction loss, Fig. 14, is of special 
interest with so high a BMEP. The 
difficulty of measuring it lies in the fact 
that the difference between two large 
values of the mean indicated pressure 
p; and of the mean effective pressure p, 
is small so that a high accuracy of 
measurement must be required. Check 
measurements with different membranes 
in the DVL glow lamp indicator and 
elimination of all possible errors in the 
marking of the dead centers secured 
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the needed accuracy of indicating. Since 
only one cylinder could be indicated in 
this manner, the difference in load dis- 
tribution between the cylinders had to 
be considered. For this purpose the fuel 
charges to all cylinders were individ- 
ually measured and the mean effective 
pressures calculated to correspond to 
these charges; the differences of the 
MEP varied 5-3%, reducing with the 
load. 


As a further check the two other pos- 
sible methods were also used. 


1. The cutout method which by cut- 
ting out individual cylinders permits 
calculation of the friction pressure 
(dot and dash line of Fig. 14). This 
experiment was carried out by run- 
ning without turbocharger. 


2. Extrapolation of the line of the 
total fuel consumption to the intersec- 
tion with the abscissa p,, from which 
a friction load equivalent to p, of 
about 15.6 psi (1.1 at.) can be read 
(Fig. 10). 


Besides the curves of the mean pres- 
sure of the charging loop p, and of the 
mean charging pressure p, and the mean 
back pressure pg, i.e., immediately before 
and after the working cylinder, are 
rationally spaced with the difference 
between the latter increasing with load 
and consequent weight of gas. 


These checks first of all show ade- 
quately that the engine possesses very 
favorable friction characteristics as a 
result of its construction and load dis- 
tribution, with the friction loss being 
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Fig. 14—Mean pressures at constant rpm 
(400) as functions of BMEP. 

Picind) =pii+Ppecdna) mean indicated pressure ob- 
tained from indicator cards 
of high pressures pi-1 and 
from “weak spring” indica- 
tor cards p(ina) 

Pe (mech) = BMEP, obtained by water brake 

Pr(ind) = pi(ind)—pe(mech—mean friction pressure 

Pr(absch)—mean friction pressure by cutting out 

cylinders 

Pa—Pg(stat)—difference between charging and gas 

ck pressure measured immediately 
before and after the cylinder by 
damped measuring devices 


relatively very small for the high BMEP 
of the engine. 


These experiments have shown that 
the friction loss p, rises with increasing 
load. While heretofore it was customary . 
to accept the friction load as constant 
at constant rpm and within the usual 
load range from no load to full load 
(64-85 psi BMEP), it is no longer pos- 
sible to do so for the large load in- 
creases, as was indicated above. 


EFFICIENCIES AND EXCESS AIR 


The difference between the total effi- 
ciency 7. of an actual engine and the 
efficiency », of the comparison cycle of 
a perfect engine, Fig. 15, results from 
losses in the actual engine. These are 
due to flow or combustion, thermal or 
mechanical. When the operating condi- 


tions raise the efficiency of the compari- 
son cycle this in itself will have a favor- 
able influence on the actual efficiency. 
Next in importance to the already men- 
tioned compression ratio and combustion 
pressure ratio is the excess air ratio 
which expresses the amount of air in 
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Fig. 15—Engine efficiencies. 


ne —thermal efficiency 


nv aay of the perfect engine of comparison 
cycle 


nm—mechanical efficiency 
ne —perfection coefficient 
pr —mean friction pressure at idling 
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Fig. 16—Air ratios of the engine. 


ne —filling coefficient for cylinder 
Ages —excess air ratio referred to total air used 


Azy1 —excess air ratio referred to air left in cyl- 
inder 


Lges—total air used 
Lsp —scavenging portion of the total air used 


rpm 

e ob- 

ards 

F sand excess of theoretical combustion re- which at full load is about 45% in 
quirement. round figures, the first time such a re- 

The greater the excess of air the 
of low friction losses on one hand 

gas mocy~ and the high BMEP of 213 psi (15 at.) 
namic values because of reduction of : 

r b and over on the other the mechanical 


CO, and H,O content in the combus- 
tion gases; for the same reason the 
efficiency 7, rises with dropping load— 
independently of the influence of the 
combustion pressure ratio. The limiting 
value, with p;= 0 and corresponding in- 
finitely large excess of air, i.e., pure air, 
is equal to the efficiency of Carnot cycle 
for a given compression ratio. To the 
total air furnished by the turbocharger 
Lyes corresponds an excess air coefficient 
Ages Which first reduces quickly with 
rising load, Fig. 16, but later the influ- 
ence of turbocharging becomes felt and 
throughout a load range from 170 psi 
to 284 psi of BMEP (12-20. at.) it stays 
only very little above 2, i.e., twice the 
theoretically required amount of air. 


The measured fuel consumption re- 
ferred to the low heat value of the fuel 
oil used give the thermal efficiency ne, 


efficiency rose to over 91%, The flat- 
ness of the curves of both efficiencies 
over a wide range of load is worth not- 
ing. 


Out of the efficiencies of the basic 
cycle, mechanical and thermal efficiencies 
is obtained the perfection coefficient n, = 
ne/Nv*m Which represents a measure 
of losses through pressure and tempera- 
ture changes during charging and ex- 
haust strokes, of imperfection of com- 
bustion and of losses of heat during the 
working cycle. The curve of its values 
throughout the load range is also very 
flat and with 90% in round figures 
shows a remarkable state of perfection 
observable in very good combustion and 
in little heating up of cooling water. 
The exhaust gases remained completely 
invisible even under highest loads. 
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Fig. 17—Heat balance for the engine tested. 


Restverlust (Motor)—residual loss (engine) 

Restverlust (Ladegruppe)—residual loss (turbo- 
charger) 

Abgas (Turbine)—exhaust gas (from turbine) 

Ladeluft—charging air 

Schmierél (Ladegruppe)—lubricating oil (turbo- 
charger) 


Ladeluft-Kiihlung—charging air coolers 
Schmierél (Motor)—lubricating oil (engine) 
Kiihlwasser (Motor)—circulating water (engine) 
Nutzleistung—useful output 

Abgas (Motor)—exhaust gas (from engine) 
Wiarmeanteile—percent of heat 


HEAT BALANCE 


The heat rejected to the circulating 
water is taken from the heat balance, 
Fig. 17, which gives a further chance 
to visualize the newer relationships of 
the engine. Since an engine employing 
an exhaust gas driven turbocharger and 
cooling of charging air is being con- 
sidered it is necessary to differentiate 


whether the engine alone or the com- 
bined unit with turbocharger is to be 
the basic unit. 


In the first case the heat of the ex- 
haust gases is measured immediately 
after the exhaust valves. In addition to 
the usefully employed heat, the losses to 
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the circulating water and lubricating oil 
as well as that in the exhaust gases 
there will be a remainder due to un- 
measurable radiation and inaccuracy of 
measuring devices. In the second case 
the subdivision due to exhaust gas 
driven turbocharger goes deeper and the 
temperature of gases leaving the turbine 
determines the heat lost into exhaust. 


In either case the heat lost to cir- 
culating water is the same because the 
turbine is uncooled. As indicated in the 
discussion of the perfection coefficient 
the heat lost to water is estimated to be 
12% at the optimum load—a value never 
before reached in internal combustion 
engines. In the lubricating oil from the 


engine and turbocharger as well as in 
charging air cooling through inter- and 
after-coolers an additional 8% of heat 
is carried off, so that the combined en- 
gine and turbine unit loses a total of 
20% to cooling. 


Without going into further details it 
should be emphasized that the division 
of heat when turbocharger is included 
leads to 1-2% higher, but of a total: 
value of 4% residual, which covers the 
additional losses of the uncooled gas 
turbine including piping between tem- 
perature measuring stations. That this 
circumstance is so clearly measurable is 
further proof of the accuracy of the 
tests. 


HEAT STRESSES 


Even though the heat carried off by 
the circulating water of the engine is a 
measure of the mean heat load of the 
walls around the combustion space, 
nevertheless some temperature differ- 
ences in selected positions may be of 
much interest. Thus the temperatures 
in the walls must be measured. In this 
connection a comparison of piston wall 
temperatures of two different engines 
shown in Fig. 18 is of interest. The 
points where the temperatures were 
measured are also shown on Fig. 18. 
The influence of the material of the 
pistons—cast iron vs. aluminum, for the 
normally supercharged engine is also 
shown. Comparable are only the curves 
for the same material (aluminum) c and 
d with e and f. The rise of temperature 
with increasing load is slower for the 
new high-pressure charged engine and 
even for a BMEP = 255 psi (18 at.) 
reaches a tolerable value of 572° F. 
(800° -€:)- 


In other experiments the temperatures 
of piston, cylinder head and cylinder 
liner were measured. In the center of 
the piston the measuring point was .150” 


(3.8 mm) from the surface, the location 
of others is shown on Fig. 19. Here 
the piston temperatures are somewhat 
higher than in Fig. 18 due to the loca- 
tion of measuring points being nearer 
to the piston top, otherwise the previous 
measurements were confirmed. Obvi- 
ously the highest piston temperatures 
are in the piston top. It is important to 
note, however, that the temperature at 
the first ring is already considerably 
lower, which naturally lightens its serv- 
ice requirements. The temperature meas- 
urements were made with an iron-con- 
stantan thermocouple suitably compen- 
sated. A periodic contact near the lower 
dead center region served to carry the 
current. 


The heat flow from gas to cooling 
water increases with the load in the 
high pressure charged engine also. It 
can be calculated beforehand and per- 
mits comparison with measured values. 
The heat flow depends on gas tempera- 
ture changes and the heat transfer con- 
ditions. The gas temperatures during 
the working cycle for constant compres- 
sion and combustion conditions are a 
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Fig. 18—Comparison of piston temperatures. 


Engine type GV 28.5/42 of 11.22” bore, 16.54” stroke Messstelle = measuring point. 
Test engine KV 30/45 of 11.8” bore, 17.7” stroke. 


Type 
GV 28.5/42 
GV 28.5/42 
GV 28.5/42 
GV 28.5/42 
KV 30/45 
KV 30/45 


Curve 


ao 


mo 


function of the charging air tempera- 
ture t, and of the air excess rate A,,) 
of combustion. Because of the effective 
inter- and after-cooling the charging 
air temperature rises but little. Through- 
out the range of load from idling to full 
load (BMEP = 284 psi or p, = 20 at.) 
from 72 to 115° F. (22 to 46° C.) or 
only about 8% (see Fig. 10) in abso- 
lute temperature which alone affects the 
cylinder filling coefficient (see Fig. 16). 
Because the air excess ratio under 
higher loads drops but very slowly (see 
Fig. 16) with the charging process be- 
coming more efficient, the temperatures 
of the working cycle through this load 


Piston Material Measuring Point 
cast iron 1 
cast iron 2 
aluminum 
aluminum 2 
aluminum 1 
aluminum 2 


range increase very little. Actually the 
indicator cards beginning with BMEP 
of 170 psi (p, = 12 at.) to the maximum 
give almost the same temperature curve 
and thereby similar mean temperatures 

If the heat transfer coefficient between 
combustion gas and the gas-contacted 
surface of the combustion space would 
remain constant then this mean tem- 
perature t,,, would determine the heat 
loss. However, in the range of high gas 
temperatures—within the indicator card 
and simultaneous high gas pressures the 
heat transfer is roughly ten times better 
than with low temperatures. For the 
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Fig. 19—Wall temperatures of combustion space. 
tiber Bodenflache—over bottom surface. 
The curve figures correspond to measuring points given on sketches. 


E — intake valves A—exhaust valves 
txw—water discharge temperature 
tu —charging air temperature 


heat transfer measurements so far avail- 
able on four- and two-cycle engines the 
following formula has proven useful— 
a, =k-+/pt, where the coefficient k 
depends upon the turbulence within 
the cylinder and may be assumed® as 
Wen where p is in kg/cm?, T 
is absolute temperature in °K, c,, is the 
mean piston speed in m/s. 


The resultant mean gas temperature 
used in heat transfer then follows from 
a simple consideration of balance® 
(ag t,)m 


tz, res = 
@ gm 


tpg —wall temperature cyl. head bottom, intake side 
tpa —the same, exhaust side 


The variation of t, and a, and deter- 
mination of tz res is shown in Figs. 20 
and 21 for several indicator cards. For 
comparison one full load card of an 
unsupercharged engine is also shown. 


The heat flow density q (in Kcal/ 
m?L) through a flat wall of the com- 
bustion space, for instance through the 
cylinder head bottom wall (§ = 25 mm, 
Acuss = 45 Keal/mh° C.), could be 
easily calculated given the mean cooling 
water temperature tgw. 


q= k (tg, res —txw) 
when the heat transfer coefficient Sgw 
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Fig. 20—Gas temperatures. 


tg, res—resultant gas temperature 
tgm —mean gas temperature 


Fig. 21—Heat transfer, gas to cylinder wall. 


gas to cylinder 
wall. 


Figs. 20 and 21—Determination of resultant 
gas temperature tg, res of the working cycle. 
a BMEP = 80.6 psi (unsupercharged, full power) 
b BMEP = 79.0 psi (supercharged) 

c BMEP = 228.0 psi (supercharged) 

d BMEP = 286.0 psi (supercharged) 


OT =top dead center; Grad KW= degrees of 
crank angle 


on the water side were known, since 


K Qgm Qkw 
However for high heat loads q, such 
as are under consideration, the boiling 
temperature in the boundary layer on 
the water side must be exceeded, because 
without boiling the needed high heat 
transfer could not exist in the cylinder 
head with the low water velocities. (See 
the temperature diagram of Fig. 22 for 
proof.). 


When the boiling temperature be ex- 
ceeded by At, in the boundary layer, it 


will then produce according to the 
classical measurements of Jakob‘ the 
high heat transfer figures on the boiling - 
water 


a, = 021 
The heat transferred to water 
a, *At, 


must be equal to the heat coming from 
the gas and thus both At, and q may be 
calculated. Calculations for different 
loads at 400 rpm show the following 
behavior of the high-pressure charged 
engine, Figs. 22 and 23. 


Engine and turbocharger were de- 
signed for a normal BMEP = 213 psi 
(pe = 15 at.). By heavy cooling the 
precompressed air was to be cooled to 
the original temperature if possible and 
in the limiting case to the normal am- 
bient temperature. Were this obtained 
then all of the gas temperatures in the 
cylinder for normal output with and 
without supercharging would remain the 
same for equal excess of air and so 
would their mean values as well as the 
resultant gas temperatures t,,,~, which 
would stabilize at about 540° F. (300° 
C.) higher. 


Actually with supercharging to 2.35 
times the outside pressure all of the 
pressures are raised in this ratio. Since 
a, varies approximately proportional to 
+/P, for normal load of supercharged 
engine a, will be +/ 2.35 = 1.53 times 
higher and the heat flow density should 
increase in the same ratio. 


However, since cooling can be carried 
out successfully only down to 94° F. 
(34.5° C.) ie., to ratio Ty /Tyo = 1.07, 
so that Ty res/Tg, res, 0 = 1.07 the value 
of q will also increase as a consequence. 


The hourly loss to cooling water 
Qxwmor (in kcal/h) should be very 
nearly proportional to the heat flow q 
(in kcal/m?L) calculated from the out- 
put, so that it should increase similarly. 
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Fig. 22—Heat transfer through the walls 


of combustion space. 


Fig. 23—Temperature diagram for the cyl- 
inder head bottom for a eg of 


287 psi BMEP. 
Qxw Mot—measured heat of engine cooling water 
q —calculated heat flow in cylinder head bottom 
Qgm —mean heat transfer coefficient gas to wall during a single cycle (see figs. 20 and 21) ~ 
tg, res —resultant gas temperature (see figs. 20 and 21) iT 
tkw —cooling water temperature 
tpE —wall temp. of cylinder head bottom— intake side 
tpa —the same—exhaust side 


unaufgeladen = unsupercharged 


\  =45 kcal/mh°C heat transfer coefficient for 
cylinder head bottom (cast iron) 


mittl. nutzbarer Arbeitsdruck pe = BMEP 


q . = 202000 kcal/m?L heat flow through cylinder 
head bottom 


axw = heat transfer coefficient on the water side 


The corresponding curves of Fig. 22 
show a good compliance with this re- 
quirement. From the measurements of 
cooling water the specific cooling heat 
loss referred to heat energy of the fuel 


normal output, unsupercharged 


Qzr is calculated. It shows a definite 
decrease in percent with - increasing 
supercharging which corresponds very 
well with the values calculated from q, 
(Table 2). 


to normal output, supercharged 


BMEP = 79.6 ps.i. (5.6 at) 
FROM 100% 


BMEP = 213 pss.i. (15 at) 
to 67% or % 
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TABLE 2 


Specific cooling heat loss without and with different degree of supercharging 


Without 
n = 400 rpm Supercharging Supercharged 
Test No. 15 23 25 36 39 
BMEP in p.s.i. 80.6 79.0 172.0 227.5 287 
BMEP in at 5.67 5.56 12.1 16.05 20.15 
Qkw mot/Qar 5.67 % 100 94 74 66.3 64 
Sharging) 100 94.5 762 66 


Therefore the cooling loss per horse- 
power by both calculation and measure- 
ment reduces when referred to added 
heat of fuel in K calories by the change 
over from 

However, the absolute increase in heat 
flow q due to improvement in heat trans- 
fer must still be considered. 


The increase of q by about 60% as 
the result of high pressure charging 
leads to a higher heat load and to higher 
wall temperatures and _ temperature 
drops. This increase is however not as 
large as that which would be occasioned 
by a change from four stroke to two 
stroke cycle. 


HEAT STRESSES, OUTPUT INCREASE AND DIMENSIONS COMPARED 


The above mentioned relations lead to 
very interesting results of comparison 
with other supercharged engines. For 
this purpose former results are re- 
viewed® and correspondingly modified, 
Figs. 24 and 25. 


The increase in heat carried off by 
circulating water as a function of the 
mean indicated pressure for different 
supercharged engines is shown on Fig. 
24. Engines with conventional turbo- 
charging show the steepest increase. The 
new engine has a smaller rise although 
not as small as the experimental engines 
of Smith (Ricardo) and Bichi, which 
are however not immediately compara- 
ble because they were supercharged with 
foreign air and therefore had no back 
pressure and had correspondingly lower 
exhaust temperatures. The higher values 
of air ratio for turbocharging in Fig. 24 
refer to point of origin designated by pi, 
which despite the different absolute 


values for different engines falls into 
value of ratio equal to one; with in- 
creasing output the air ratio becomes 
smaller. 


In engines with a larger air ratio 
the heat in cooling water becomes less, 
which is quite natural when following 
the above analysis. It is however not 
obvious that such substantial output in- 
creases are obtainable as were demon- 
strated by the new engine; the reasons 
for it have been discussed above. 


For the engines represented on Fig. 
24, Fig. 25 gives the relation between 
mean indicated pressure p,; and the 
charging air pressure p,. The steep yet 
bent curves of the WV and MV types 
of MAN engines are characteristic of 
the heretofore built turbocharged en- 
gines. They reach high MIP’s (p;) 
with low charging air pressure p,; 
these curves break off soon however 
because the exhaust gas temperature 
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Fig. 24—Increase in cooling water heat in different supercharged diesel engines as func- 

tion of increase in mean indicated pressure —pio. Steigerung der Kiihlwasser-warme = 

increase in cooling water heat. Steigerung des mittleren inneren Arbeitsdruckes pi/pio—= 
increase in mean indicated pressure ratio pi/pio. 


bezogen auf = referred to 


bo 
as 
Initial 
MIP or pio eg 
ore-Stroke 
Curve Year Type ins RPM pal 
a 1911/14 Buchi 8.66 © 13.8 300 5.7 81.0 | foreign 1.7 — 
b 1936/38 | Smith eed) 4.5 © 5.0 | 1500 14.2 202.0 | foreign 1.4 1:10 
c 1936 MAN-WV 11.8° 15.0 700 I 103.7 | turbo | 2.14 to 1.3 | 1:12.6 
d 1942 MAN-MV 15.7°18.1 450 6.95 98.7 | turbo {2.5 to 1.6} 1:13 
e 1951 MAN-KV 11.8° 17.7 400 6.62 94.0 | turbo | 2.8 to 1.9} 1:13 


limit combined with a small excess air 
ratio (see figures given under Fig. 24) 
are quickly reached. 


The original experiment with foreign 
charging air supplied to the engine in 
which the blower horsepower did not 
have to be accounted for demonstrated 
despite the air ratio being kept constant 
and by comparable quality of combus- 
tion a maximum BMEP of about 240 
psi (17 at.); this would correspond 
under optimum conditions to about 200 
psi (14 at.) for the exhaust gas turbo- 
charged engine. 


For the new turbocharged engine, 
designated as type MAN-KV, the mean 
indicated pressure p, as function of 
charging pressure, p, rises practically as 
a straight line up to the last measured 
BMEP of 312 psi (22 at.). Our tests 
have shown that at that point neither 
exhaust gas temperature, nor the air 
ratio or the other stresses at this maxi- 
mum output have reached their limit. 
The outside dimensions and the specific 
weight are two other practically im- 
portant characteristics. Table 3 shows 
two engines of the same output of which 
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the largest is supercharged to 1.5 times 
the original output while the one here 
discussed has its output raised 2.7 times 
compared with atmospheric induction. 
The new engine is smaller, its specific 
weight is 33 pounds per horsepower 
compared with 61.8 pounds of the other 
without any increase of piston speed. The 
fuel consumption dropped from .380 to 
.313 Ibs/BHP-hr (170 vs 140 g/PSeh) 
and lubricating oil consumption from 
.0045 to .0056 lbs/BHP-hr (2 to 2.5 
g/PSeh) to .0011-.0018 lbs/BHP-hr 
(0.5 to 0.8 g/PSeh). Our daylong tests 
have given us a total lubricating oil 
consumption of 1.875 pounds per hour 
(0.85 kg/h) which corresponds to a 
specific consumption of .0014 Ibs/BHP 
-hr when referred to output for optimum 
fuel consumption—BMEP = 227 psi (16 
at.). Thus preliminary calculations evi- 
dently are here confirmed also. This low 
consumption of lubricating oil is the 
more important because the latter is 
several times more expensive than the 
fuel oil. 


2920 = 115; 2030 = 103.5 


Tape 3—Comparison Data For Two ENcINES oF THE | 3 
SAME Output TuRBOCHARGED TO DIFFERENT CHARGING 
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Fig. 25—Mean indicated pressures of same 
engines as in Fig. 24 as a function of 
charging pressure. 


PRESSURES. 

Type G6V 40/60 K6V 30/45 
Weight without blower, about...................... Ibs 76,000 40,000 
Center to center distance/bore ratio...............0000.- 1.7 1.67 


| 
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OPERATING EXPERIENCES 


The engines test results are attractive 
but the operating engineer will ask— 
has the experience demonstrated it capa- 
ble of reliable performance? How long 
has it been operated? Up to the time of 
the tests reported here the engine had 
run over 1000 operating hours. Many 
parts of its three-cylinder predecessor 
had been utilized in constructing the 
final test engine, such as the frame, the 
bedplate, its running parts, cylinder 
heads, fuel pumps, etc., only the crank- 
shaft had of course been replaced and 
new cylinder liners were provided to 
assure an irreproachable base for wear 
measurement. The taken over parts had 
been in operation 773 hours as parts of 
three-cylinder engine. Thus although 
1800 operating hours do not answer all 
questions they permit important deduc- 
tions nevertheless. The post-trial in- 
spection of all parts has shown that they 
were in good condition and could be 
reassembled without hesitation. 


Another important indication of 
whether the increased output is within 
the operating conditions tolerated by 
the engine is the cylinder liner wear. 
Fig. 26 shows the normal growth of 
wear in the zone of the top ring with 
time—first quite fast and later slower 
but continuously. Its absolute value even 
for originally unplated rings was not 


MeBstelle 70mm unterhalb Oberkante Zyl. -Biichse 


mn 
Kolbenringe 


Betriebszeit 


Fig. 26—Wear of cylinder liner of the high 
pressure charged test engine. 


unusual, but for continuous operation 
an improvement was desired. In other 
cylinders where chrome-plated rings 
Numbers 1 and 2 were installed origi- 

2.36 


nall it isf: 
y a quite satisfactory wear of 1000 


6 
inch (im a) per 1000 working hours 


was obtained. Besides, the search for 
the optimum combination of materials 
can only now begin. 


The engine runs, in general, softly, 
which, as far as the rise of combustion 
pressure is connected with it, was al- 
ready demonstrated by the shape of 
indicator cards and by the numerical 
value of the pressure rise per degree of 
crankangle. The exhaust gases were, as 
already stated, completely invisible. 


CONCLUSION 


First the possible means for raising 
engine output in general and the nature 
of supercharging in particular are dis- 
cussed then the constructional details 
are described of a new engine in which 
minimum fuel consumption and high 
brake mean effective pressure were 
achieved by means of an exhaust driven 
turbocharger by the MAN company, a 
recent development. The results of 
thorough tests are analyzed and show 
that an optimum fuel consumption of 


less than .313 Ibs/BHP-hr (140g/PSeh) 
corresponding to a thermal efficiency of 
about 45% is obtained at an output of 
about 227 psi BMEP. This achievement 
is the result of a systematic and ra- 
tional utilization of many thermody- 
namic influences, the creation of an effi- 
cient exhaust gas driven turbocharger 
as well as of optimum mechanical con- 
ditions. The brake mean effective pres- 
sure achieved is three times that of a 
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conventional atmospheric induction en- hours complete the picture. It may be 
gine and could be raised above 284 psi symbolic that this new development took 
(20 at.) with invisible exhaust. In- place in a shop designated as the actual: 
vestigation of heat transfer and discus- birthplace of the Diesel engine by a 
sion of operational experience for 1800 suitable tablet on its wall. 
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I. Mathematical Analysis. 
II. Probable Accuracy of Past Determinations of Aperture Area. 
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IV. LEAKAGE PHENOMENA 


In the development of the equations 
which depict the leakage of air through 
apertures ideal conditions are assumed 
and in the formulation of equations the 
following practical factors were neg- 
lected : 


(a) the contraction of the air in 
the orifices. 
(b) the frictional characteristics of 

the orifices. 
Thus, for practical employment of these 
relations it becomes necessary to intro- 
duce the “corrective” factor c. 

From the “tightness” equation 

nDt 

it is obvious that the aperture area can- 
not be determined until the value of c 
is known. However, c must be deter- 
mined experimentally; a process which 
requires that A be known. For the 
apertures involved in air testing it ob- 
viously is impracticable to measure A 
and an impasse exists. The only way out 
is to ascertain values of c by inference. 

In ref. (a) this problem was ap- 
proached by determining the values of 
c for small holes of circular cross-sec- 
tion which, presumably, also were of 
straight, smooth bore and equal lengths. 
The results of these tests confirmed the 
findings of other investigations that the 
value of c varies with both the test 
pressure and the aperture area. In view 
of the fact that the aim in ref. (a) was 
to provide a single curve of pressure 
versus time applicable to all aperture 


areas the fact that c varied with area 
had to be compensated. Consequently, 
ref. (a) adopted the approximation that 
c would vary only as test pressure and 
employed the mean value of c for the 
circular holes tested. The “areas” de- 
termined from the subsequent tests of 
fittings therefore are based on the im- 
plicit assumptions that : 

(a) the value of c for all apertures 
varies only with the test pressure. 

(b) all apertures in compartment 
testing have values of c which vary in 
the same fashion as a_ theoretical 
“mean” orifice of straight, smooth 

. bore, circular cross-section and a given 
length. 

Neither of these assumptions is in ac- 
cord with observed data and there is 
evidence to support the belief that errors 
of significant magnitude are introduced. 


The pressure versus time curve of 
ref. (d) is based on average results for 
a large number of fittings. Again the 
hidden assumptions are the same in 
essence as those stated above and in- 
herent errors are the result. 


It is unfortunate that the experimental 
data obtained for ref. (a) are not avail- 
able for analysis. There is, however, a 
quantity of experimental data existing 
in ref. (d) from which certain conclu- 
sions may be drawn. Many tests were 
made to determine the leakage charac- 
teristics of various types of fittings. A 
sample of the data in the form in which 
it was recorded is given below. 


Pressure in lbs. 
Time in minutes. 


Pressed Panel 


Loss in ounces. 
Gain in ounces. 


W.T. Door 
26” X 48” 


wn 
solo 


Temperature °F 


2|_3| 10| 12 13 | 14] 15 
30 |_30 | 30 | 30 | 30 | 30 | 30 | 30 | 30° 
0 |" 0} "0 |" 0 |" 4% 
78 | 80 | 81 | 82 | 83 | 85 | 86 | 87 | 87 


540 


COMPARTMENT AIR TESTING 


From these data an analysis was made 


in the following manner : 


(a) using the pressure and observed 
change in pressure in the given time, 
the value of ntcA/V was calculated 
from equation (32). It will be noted 
in the example above that in certain 
tests a “gain in ounces” is reported. 
This occurred in many cases and in- 
dicates that the value of n was nega- 


tive. Hence, the value of ntcA/V is 
negative. 

(b) knowing t the value of ncA/V 
was determined. Inasmuch as V was 
the same in all cases (496 cu. ft.) the 
values of ncA/V are satisfactory for 
making comparisons of ncA. The 
values of ncA/V thus determined are 
recorded in the following tables. The 
values given are 10% times the actual 
values. 


VALUES OF NCA/V X 107 


Test Pressure, p.s.i. gauge 
Type, Size, etc. Notes 
CIRCULAR HOLES 
1/64” diameter —4.8|-5.0|-2.5|-1.8|-0.8/-0.5|-0.7 3.0 2.5 
1/32” diameter 7.7|14.0]13.0}18.0]16.0]17.7|18.7 17.7 18.7 
1/16” diameter 32.7|45.6|42.4/49.7/53.7|51.0|56.4 53.7 65.0 
3/32” diameter 53.4|64.0/86.4) 102) 111} 105) 107 107 115 
1/8” diameter 241|97.0} 221) 221) 230) 229 232 245 
W.T. Doors 
Pressed Panel 26” X 66” —2.0|-1.7| 0 0 0 |-3.2| 8.7 
Pressed Panel 26” X 66” —4.8|-1.7|-1.3 -2.2|-1.7|-0.7| 0 a 
Pressed Panel 26” X 66” —4.8|-1.7|-1.3 —1.0|-1.7|-4. 7|-1.3 -2.7} b 
Pressed Panel 26” X 66” —4.8|-1.7| 0 0 0 0 2.8)12.7|27.0 b 
Pressed Panel 26” X 48” 0 |-3.3\-2.7 -3.2|-2.7| 0 2.8) 4.3) 6.7/11.3 
Pressed Panel 26” 48” 0 |-1.3 5.0] 5.8)27.0 b 
C.R.S. 26” X 66” 2.0) 3.3) 7.0)10.0|13.3 
C.R.S. 26” X 54” 0 0 1.0) 7.0)16.0/35.0 13.2 
C.R.S 26” X 54” 0 | 4.0/11.7 9.2 
C.R.S 26” X 54” 0 0 0 1.7) 3. 0 9.2 
| | 
Tyee. | 8 | 9 | 10 11 | 12 | 15 | Notes 
RatsED W.T. HatcHES 
CRS. 2" K 30” 0 0 0 5.0} 9.0 c 
C.R.S. 30” X 30” 0 0 0 2.5) 4.5 c 
C.R.S. 30” X 30” 8.7 c 
C.R.S. 30” X 30” 0 0 0 0 0 0 1.5 d 
C.R.S. 30” X 30” 0 0 0 0 0 0.8 2.7 d 
C.R.S. 48” X 30” 0 3.3} 5.7| 6.2] 4.5 e 
C.R.S. 48” X 30” 0 3.3} 5.7) 6.2) 6.7 e 
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Type, Size, etc. 


Pressed Panel 15” X 23” 
Pressed Panel 15” X 23” 
Pressed Panel 15” X 23” 
Pressed Panel 15” X 23” 
Pressed Panel 15” X 23” 


18” diameter, 4 dogs 
18” diameter, 4 dogs 


29.3 
0 


StTuFFING BoxEs 


Operating Rod, 1” 
Operating Rod, 114” 
Operating Rod, 134” 
Shaft, 2” 

Pipe, 2144” 

Pipe, 244” 

Voice Tube, 4” 
Voice Tube, 4” 


us 
NOnN WW wo 


awn 


RaIsED MANHOLE CovERS 
—4.7/-3.3|-2.7 0 0 0 f 
—4.7|-3.3|-2.7 0 0 4.3|25.0] 
0 0 0 1.5 1.5] 1.3} 2.7] h 
0 0 0 0 0 |o i 
~4.7|-3.3|-2.7 1.0 1.7 11.2 24.5/43.7} 114) j 
EscaPE SCUTTLE 
| 1.3 3.3 3.5 4.7 4.5] 2.8] 6.3 
| 1.3 3.3 3.5 4.7 6.8|19.0] 160} j 
Fiat PLATE BOLTED MANHOLE COVER 
13” Xx 18” 36.7|57.3|61.3 68.0) 75.0 83.0 88.0] 103} k 
13” X 18” 0 0 0 0.8 1.3] 2.7} 1 
13” 18” 0 0 0 0 0 1 
Type, Size, etc. | | 1 | v6 | 2 | 3 | 5 | 8 | 10 | 12 | 13 | 15 so 
VENTILATION CLOSING COVERS 
4 6” diameter -10.0 -3.3| 0 0 3.5| 4.7 5.7 
6” diameter 4.7 ~3.3| 2.7| 6.7| 7.0| 9.5 8.3 m 
8” diameter 4.7 0 0 0 -2.7] 0 0 0 m 
8” diameter -10.0 -3.3 | -2.7 | -2.2] 0 0 0 0 
8” diameter -10.0 -3.3 | -1.3 | -4.3 | -3.5 | -3.2 | -2.8 0 n 
10” diameter 0 0 0 0 0 
20” diameter -14.0| -4.7| -4.0 | -7.0 
21” xX 15” Oo | O | 16.3 | 21.3 
x 15" 0 | -4.0 | -3.3 
12” x 14” 10.0 14.0 | 17.2 153 0 
12” x 14” 4.7 0 -1.3 0 1.5 36.7 
24” X 1214” -20.3 -3.3 | -2.7 0 0 0 5.3 
-10.0) -7.0 | -5.7 | -2.2 -2.7 
0 —3.3 | -2.7 | -2.2 -2.0 
-3.3 | -2.7| 0 0 
4 0 0 0 
| -2.3 ~3.3 | -5.7 | -3.3 0 
-1.7].0 0 1.2] 
| -2.3 -3.3 | -2.7 | -3.3 -2.7 
| 0 0 0 2.2 5.3] 
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a 
n 
< 
& 
a 
a 


-2.0 


-1.3 


-2.8 


-2.0 


-2.3 


-2.3 


2.7 


-3.5 


-3.3 


-1.3 


-3.3 


-7.0 | -4.3 


-3.3 | -4.3 | -4.5 


BULKHEAD FLANGES 


-4.7 


-2.3 


2” bolted, W.T. gasket 
2” bolted, O.T. gasket 


6” welded, W.T. gasket 
6” riveted, W.T. gasket 
6” bolted, W.T. gasket 


6” bolted, W.T. gasket 
6” bolted, W.T. gasket 
6” bolted, W.T. gasket 
6” welded, O.T. gasket 
6” riveted, O.T. gasket 
6” bolted, O.T. gasket 


SouNDING TUBE AND DECK PLATES 


ELectric CABLE 


Test Pressure, p.s.i. gauge 


1.0) 0.7) 1.3 


0 


1.0) 2.7) 0 


25 


4.7/15 .0)21.2/28.9 


2.2) 4.4) 9.6)14.0) 2.2) 6.8) 9.6]15.8 


2.2) 4.4) 8.4/10.4 


1.0} 2.3) 4.0) 1.7) 4.5) 4.7) 7.8) 1.7) 2.0] 3.2) 6.3 


1.0} 1.3) 2.7, 0 


1.3] 1.6) 2.7 


3.3) 6.7|16.0)15.7| 3.3) 3.3] 4.5) 7.7|10.5] 1.7) 4.5]12.7/18.3 


1.7) 6.7)12.7/15.7| 3.3) 0 


4.5} 4.7) 5.3) 0 


2.0) 2.8) 4.0) 0 


1.1] 3.0) 9.6/11.3 


1.1] 3.0) 5.2) 7.0 


2.60 | 7.0)18.0)28.8)34.0 


2.21 
1.61 
1.16 


0.80 


2.28 


1.68 


1.42 
1.04 
2.51 
2.10 
1.56 


TFPP 400 


250 


TFPA 250 


100 


9 


MFPA 26 


10 


DLPA 400 


250 


100 


40 


9 


with 2 coats aluminum paint. 
Test 2—Same as 1 with addition of 2 coats of air-drying varnish. 


*Test 1—Cable passed through stuffing tube and terminating in W.T. terminal box within tank. Cable painted 
Test 3—Cable passed into tank through one stuffing tube and out through another with 10 ft. loop in tank. 


Two coats aluminum paint. 


Test 4—Same as 3 with addition of 2 coats of air-drying varnish. 


Po —4.7 | -3.3 | -2.7 | -2.2 | 0.8] 0 0 0 
f || 0 0 0 
g 
h -2.3 | -3.3 | 0 0 0 0 -1.3 | -2.0 
i 0 0 1.3} 2.2) 2.7] 3.2] 4.3] 5.3 
0 0 0 0 0 0 0 0 
0 4.5] 3.5] 7.8) 3.7] 7.8 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0.7 | -0.7 
0 0 0 0 0 0 0 
j 
0 0 1.3] 4.5] 43] 63] 5.8] 7.8 q 
0 0 0 0 0 0 0 0 r 
k 
1 
diam. 
Notes Type Test 1* Test 2* Test 3* Test 4* 
ing 
2/5 2] S | 10/15 5 | 10; 15] 2] S | 10} 15 
Test 3—Repeat 
| 
40 1.23 | — 0.7 5.2 — | 0,7| 2.1) 2.7 
= — | 0.7] 1.0] 1.8 — | 0.7] 1.0] 1.8 
1.1) 3.0) 5.2) 7.0 
= ory — | 1.3) 1.6) 2.7 
1.22 | — — } 0.4) 1.6 0.4 1.8 
n 
n 
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8 drop bolts 
6 dogs 
10 dogs 
6 drop bolts 


a. 
b. 
d. 
e. 
f. 
h 


. 4 drop bolts 


Ordinary bolts 
Machined bolts 
. Pressure to open 


Strong-back modified 


i. 

j. 
k. 

m 
n. 
0. 
p. 
q. 


The only certain conclusions which 
can be drawn from these tests is that, 
in view of the large number of nega- 
tive values, heat transfer was a frequent 
disturbing factor and its magnitude was 
sufficient to vitiate completely the accu- 
racy of the determination of aperture. It 
is perfectly obvious from the tests on 
the %4 in. circular hole, where leakage 
was a certainty, that the usefulness of 
the remainder of the data is impaired. 
It is unfortunate that temperatures were 
not recorded at the start and finish of 
each test in which case the data could 
have been adjusted approximately to a 
common basis but the fact that only a 
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NOTES 


Adjusted to leak 5 gals at 15 p.s.i. 
Adjusted to leak 10 gals. at 15 p.s.i. 


. Adjusted to leak at 11 p.s.i. 


Adjusted to leak 3 gals. at 11 p.s.i. 
Adjusted to leak 6 gals. at 11 p.s.i. 


Adjusted to leak at 15 p.s.i. 
Strong-back not according to plan 


Screws tapped through plate 
Screws tapped through plate grommets and washers. 


single temperature was recorded and 
the time of its observation is unknown, 
render those data completely useless. In 
addition, the drops were recorded to the 
nearest quarter ounce and thus errors of 
large value are possible particularly in 
case of the low drops. Therefore, the 
aperture data are very, very approxi- 
mate. However, they are all that are 
available at present and some tentative 
conclusions can be drawn from them. 


Circular Holes—In these cases the 
value of A (and V) is known and, thus, 
the value of nc can be determined. The 
results are as follows: 


Test Pressure 


1/64” diameter 
1/32” diameter 
1/16” diameter 


3/32” diameter 
1/8” diameter 


6:5 | -0.2 | -0.1 -0:2 | 6.7 
0.8 0.9}: 0.8} }-0.9) 1.1 
0.7} 0.8; 0.8} 0.8 
0.9} 0.9} 0.9] 0.9] 1.0 


| 
0.5| 0.9 
0.5| 0.7 
| 
1.0] 0.4 | 
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Clearly, the value of c can be neither 
negative nor greater than unity. There- 
fore, values of n were variable. Conse- 
quently, the data above cannot be used 
for quantitative conclusions. The best 
that can be said is that the values of c 
do not vary greatly according either to 
area or pressure. It may also be con- 
cluded that possibly the same kind of 
aberrations, although probably not the 
same degree, occurred in the tests re- 
ported in ref. (a). 


Apertures in fittings—It is difficult to 
detect any orderliness in the data for 
ship fittings. It does seem possible, how- 
ever, that the following are indicated: 


(a) gasketed diaphragms such as 
doors, hatch covers, manhole covers, 
scuttles, ventilated closing covers, etc. 
reach a certain critical pressure above 
which the value of cA will increase 
very rapidly due to distortion. Pre- 
sumably, these fittings were tested with 
the pressure tending to “open” them. 
Had tests been made with pressure on 
the other side, it is possible that dif- 
ferent leakage characteristics would 
have been observed. 


(b) repeat tests on such diaphragms 
indicate the variability of such fittings 
under presumably similar conditions. 
In other words, it seems that condi- 
tions beyond practicable control would 
result in sizable differences in leakage 
characteristics. 


(c) in general, where the fittings 
were not adjusted arbitrarily to leak, 
only W.T. doors, hatches and electric 
cables show appreciable apertures. In- 
deed, it looks as though these fittings 
alone may have been responsible in 
the past for the greater amount of 
leakage. This fact may have been 
solely responsible for the great num- 


ber of drops much lower than “allow- 
able” which were noticed in the past 
in that many of the fittings for which 
apertures had been “allowed” actually 
were not leaking. 


The fact of greatest importance is 
that the rate of increase of cA with 
pressure is very much more rapid for 
all types of fittings than for circular 
holes. To illustrate this fact the follow- 
ing tabulation is offered. In the tables 
the data have been selected and pre- 
sented in the following manner: 


(a) the tests selected were those in 
which no negative values appear in 
order to choose data where tempera- 
ture variations did not completely ob- 
scure the leakage. 


(b) in order to show most effec- 
tively the variation of ncA with pres- 
sure the value of ncA at 5 p.s:i. has, 
so far as possible, been assigned as 
100% and values at other pressures 
have been referred to that figure as a 
base. 


There is far too great potential error 
in the data to make any flat statements 
concerning its significance. It is possi- 
ble that the effect of heat transfer renders 
the figures completely useless. However, 
if the general nature of the values is 
about correct it can be concluded that: 


(a) the variation of cA with pres- 
sure differs greatly between fittings 
and circular holes. 


(b) the characteristics of the curve 
of cA versus pressure for various fit- 
tings is greatly different. 

The significance of these facts is that 
no single scale of values of c will apply 
to all fittings ; therefore, no single curve 
of pressure versus time will apply to all. 
These facts make it impossible to ascer- 
tain true apperture areas. 
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TEsT PRESSURE (P.S.1. GAUGE) 


Circular hole, 1/32” diameter 
Circular hole, 1/16” diameter 
Circular hole, 3/32” diameter 
Circular hole, 1/8” diameter 

W.T. door, C.R.S., 26” X 66” 
W.T. door, C.R.S., 26” X 54” 
W.T. door, C.R.S., 26” x 54” 
W.T. door, C.R.S., 26” x 54” 


Raised W.T. hatch, C.R.S., 30” X 30”, 8 bolts 
Raised W.T. hatch, C.R.S., 48” X 30”, 10 dogs 


Raised W.T. hatch, C.R.S. 


Manhole cover, pressed panel, 15” _X 23”, 4 bolts 


Manhole cover, pressed panel, 15” X 23” 
Escape scuttle, 18” diameter, 4 dogs 

Flat plate manhole cover, ordinary bolts 
Flat plate manhole cover, machined bolts 
Flat plate manhole cover, machined bolts 
Stuffing box, voice tube, 4” 

Bulkhead flange, bolted, W.T. gasket 
Bulkhead flange, welded, O.T. gasket 
Deck plate, screws tapped through plate 
Deck plate, grommets and washers 

Deck plate, adjusted to leak at 15 
Electric cable, TF PP 400, 2.60” diameter 
Electric cable, TF PP 400, 2.60” diameter 
Electric cable, TF PP 400, 2.60” diameter 
Electric cable, TFPP 400, 2.60” diameter 
Electric cable, TFPP 250, 2.21” diameter 
Electric cable, TFPP 250, 2.21” diameter 
Electric cable, TF PP 250, 2.21” diameter 
Electric cable, TFPP 250, 2.21” diameter 
Electric cable, TFPP 100, 1.61” diameter 
Electric cable, TFPP 100, 1.61” diameter 
Electric cable, TFPA 250, 2.28” diameter 
Electric cable, TFPA 250, 2.28” diameter 
Electric cable, TFPA 100, 1.68” diameter 
Electric cable, TFPA 100, 1.68” diameter 
Electric cable, MFPA 26, 1.42” diameter 
Electric cable, MFPA 26, 1.42” diameter 
Electric cable, DLPA 400, 2.51” diameter 
Electric cable, DLPA 400, 2.51” diameter 


5 10 | 15 
70 | 96 | 85 | 100 | 95 100 
75 | 88 | 95 | 100} 95} 115 
81 | 95 |114 | 100 | 100 | 107 
79 | 96 | 96 | 100 | 101 | 107 
15 | 25 | 53 | 100 

0| O |} — | 100 |1600 |1320 

0}. 0); — 0 |1600 |3680 

0; — 0 |1600 |4600 

0; 0; 100 

0 | 73 |127 | 100 

0 | 49 | 85 | 100 

0; 0; 0 0 | 100 | 180 

0} 0 0 0 

0; 39 | 100 | 143 | 191 
54 | 84 | 90 | 100 | 122 | 151 

0; 0 0 | 100 | 337 

0; 0; O 0 0 0 

100 | 182 | 241 

0| | 96 | 100 | 173 | 173 

0; 0; 0 0 0 0 

29 | 100 | 140 | 173 

el 0 0 0 

0 | 38 | 60 | 100 | 140 | 160 
— | 16 | — | 100 | 150 | 194 
— | 35 | — | 100 | 157 | 194 
— | 39 | — | 100 | 177 | 218 
— | 39 | — | 100 | 160 | 189 
— | 49 | — | 100 | 239 | 234 
— | 73 | — |} 100 | 249 | 260 
— } 73 | — | 100 | 171 | 233 
— | 38 | — | 100 | 282 | 406 
— | 25 | — | 100 | 189 | 234 
— | 49 | — | 100 | 189 | 234 
— | | —,| 100.) 131 | 148 
— | 66 | — | 100 |} 129 | 162 
— | $3 | — | 100 | 127 | 169 
— | 31 | — | 100 | 141 | 193 
— | 37 | — | 100 | 320 | 378 
— | 50 | — | 100 | 218 | 318 
— {dt | — | 100} 121 | 163 
— | 50 | — | 100 | 191 | 236 


The very rapid increase of ncA values 
given above probably indicates that, at 
least for the types of fittings tabulated, 
the value of A increases as the pressure 
increases. Probably in the case of many 
fittings distortion occurs at higher pres- 
sures to increase the value of A. Very 
likely in the case of rivets, riveted joints 
and welds the values of A would remain 
constant but for many other sources of 
leakage this condition will not exist. 


Thus, we are confronted by an appar- 
ent inability to ascertain true aperture 
values and thereby have no fixed way of 
evaluating tightness with certainty. The 
only immediately apparent recourse is 
to rely on values of cA as a measure of 
tightness. This value will be termed the 
“fictive” aperture and is proposed as the 
criterion of tightness. 


The rate of air leakage depends on the 
value of cA and its adoption as the cri- 
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terion of compartment tightness implies 
that it also is an index of the rate of 
leakage of liquids; i.e., that c for liquids 
will vary in about the same fashion as 
for air. This assumption is not accurate 
but probably it will introduce errors of 
less magnitude than the assumptions 
previously made in the endeavor to get 
true values of A. 

The elimination of quantitative values 
of c introduces an important considera- 
tion which should not be overlooked. 
The attempt in ref. (a), and all other 
methods which followed its lead, was to 
obtain an aperture value which presum- 
ably remained fixed regardless of pres- 
sure. Theoretically the “allowable” 
apertures of that method could be used 
at any test pressure. The indications of 
the data given above are that such a 
scheme is possible only if several sets 
of c values were employed for fittings 
of. various classes. For instance, if 
careful experiments on a number of fit- 


tings indicated that they could be classed 
in several groups according to the vari- 
ation of cA with pressure it would be 
possible to assign several scales of mul- 
tiplying factors to show the proper rela- 
tive values of cA at various pressures. 
Then, instead of applying a single value 
of c at a given pressure to all fittings 
the appropriate value would be used de- 
pending on the type of fitting. The re- 
sult for a given compartment would be 
a “fictive” aperture value applicable to 
the given test pressure. Such refinement 
seems unnecessary and, as will be pointed 
out later, there are means of criticizing 
compartment tightness which eliminate 
the adoption of such a burdensome 
process. 


For the remainder of this discussion 
the factor c will, as a general rule, be 
omitted from further consideration and, 
unless otherwise indicated, where A is 
used it will mean “fictive” aperture. 


V. ACCURACY IN AIR TESTING 


Tightness air tests have for their 
primary purpose the rectification of 
apertures which have been discovered 
by sound, feel, soap bubbles or other 
methods. It would be possible to rely 
solely on this method but, in view of the 
importance of tightness, it has been con- 
sidered necessary to supplement this 
primary method by measuring the de- 
gree of tightness attained. Inevitably, 
then, there arise two problems: 

(a) the assignment of acceptable 
limits of tightness 


(b) the measuring of the tightness 
of specific compartments and deciding 
whether they meet the requirements 
or whether further corrective work 
should be performed to improve them. 
The question of accuracy must be con- 

sidered in both problems but it is of 
particular importance in the second. If 
the method by which tightness is meas- 
ured is highly inaccurate one of two 
very undesirable conditions must arise 
in many instances. These conditions are 
illustrated by the diagrams. 


Limit of 
Acceptability +Error +Error 
Presumed Presumed 
Measurement Measurement 
Limit of 
(a) - Error Acceptability 0 . Error 


(b) 


) 
) 
) 
ire 

of 
he 

is 

of 
he 
the 
the 
Ti- 

547 


COMPARTMENT AIR TESTING 


If the inaccurately measured value is as 
shown in (a) the compartment will be 
accepted whereas the actual value may 
have been between 0 and 1, and the com- 
partment is less tight than desired. If 
the condition is as shown in (b) cor- 
rective work will be demanded,:-fre- 
quently involving considerable expendi- 
ture of time and money, whereas the 
actual value may have been between 0 
and 2, and the compartment complies 
with the requirements. Obviously, the 
question of accuracy is important. 

It is not quite right to dismiss the 
question on the grounds that experience 
has shown results in the past to be good 
enough until it is determined how good 
they were. It is entirely possible that 
they may have been “too good” and that 
inordinately rigorous requirements pre- 
vailed. It is pertinent to examine what 
past requirements have been. 

Accuracy of past limits of acceptabil- 
ity—Until March, 1941, the assignment 
of acceptable limits of tightness followed 
the method of ref. (a) and consisted of 

(a) determining the “allowable” 
apertures for the structure and fittings 
in the compartment concerned. 

(b) calculating the volume of the 
compartment. 

(c) assigning the time period to be 
used. 

(d) calculating, on the basis of the 
above factors, the “allowable” drop. 
This step was performed either by the 
use of the “pressure vs. time” curve 
of ref. (a) or by the “K” curve of 
ref. (b). 

Each of these steps must be examined 
to discover, if possible, the accuracy 
with which the limits were determined. 

The “allowable” apertures of ref. (a) 
were determined as follows: 

(a) the fitting concerned was tested 
with water and adjusted until it was 
satisfactorily watertight. 

(b) it then was tested with air 
and the drops at various test pres- 
sures were noted. 


” 


(c) its “aperture” then was cal- 
culated from the pressure versus time 
curve of ref. (a). This process, in 
effect, is the solution of the equation. 

_ Vd 

~ Dent 
In Appendix II the above equation is 
analyzed from the point of view of the 
accuracy which has been attained in the 
past practice of compartment testing. 
By a similar analysis, which is sum- 
marized below, a rough measure of the 
probable accuracy of the “allowable” 
apertures in ref. (a) can be obtained. 


(a) The volume of the test tank 
probably was accurately known. 


(>) the observed drops apparently 
were relatively large and, presumably, 
a number of tests were made. Thus, 
the drop probably was measured with 
reasonable accuracy. 


(c) there is no way to determine 
the accuracy of D but, in any event, 
the error between the actual and as- 
sumed conditions probably was negli- 
gible. 


(d) the probable accuracy of the c 

values adopted in ref. (a) is discussed 
in Part IV. It is likely that the values 
of c which were adopted were incor- 
rect. Thus the “true” areas given in 
ref. (a) probably are incorrect. It 
seems probable that the relative values 
of A given in ref. (a) are subject to 
great errors due to the probability 
that the change of c with pressure is 
not the same for all fittings although, 
in ref. (a) it was assumed to be. 
(e) there is some slight evidence 
that, in the tests in ref. (a), the value 
of n may have departed significantly 
from the assumed value of unity. In 
view of the importance of this factor 
it seems likely that it may have had 
a significant influence on the accuracy 
of the “allowable” apertures. 


(f) it is likely that t was deter- 
mined quite accurately. 
There now exists no data on which to 
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make a guess at the quantitative accu- 
racy of the “allowable” apertures of 
ref. (a). It would seem that the errors 
are certainly as large as + 10% and 
probably very much greater than that. 
Many of the values given in ref. (a) 
were continued in use as long as the 
method of ref. (a) was used. 

As time passed the need arose for 
allowable apertures for fittings not listed 
in ref. (a). How these were obtained 
is not quite clear but it is likely that 
many of them were estimates based on 
the data in ref. (a). There is some rea- 
son to suspect that some “allowable” 
apertures used in later years were taken 
from ref. (d). This is probably true of 
electric cable fittings. The practice of 
using ref. (d) values would have led to 
very large errors because those values 
were intended for use with the “K” 
curve of ref. (d) which varies materially 
from that of ref. (b). 


In summary, it would appear that the 
“allowable” aperture values which were 


p 1 2 
Correct value 2.38 3.64 
Ref. (b) 2.10 3.10 
Error % —12 —15 


These errors are on the conservative 
side in that they would result in a lower 
“allowable” drop than was considered 
acceptable. Thus, as far as the calcula- 
tion of “allowable” drops was concerned, 
the accuracy would depend on the method 
used as well as the accuracy of the fac- 
tors which entered the calculations. 


In the actual assignment of allowable 
drops another factor was bound to enter 
the picture. While the drop could be 
calculated to any number of decimal 
places it would have been useless to 
assign values of greater precision than 
could be determined by the gauge used 
in testing. In view of the fact that mer- 
cury gauges are used in the majority of 


used were subject to large errors and 
the appearance of greater accuracy en- 
gendered by their small magnitude is 
illusory. 


The next step in the process of as- 
signing the “allowable” drops, namely, 
the calculation of compartment volume, 
is discussed in Appendix II. It is likely 
that the calculated volumes always were 
higher than actual volumes due to neg- 
lect of “permeability.” 


The assignment of the time of the test 
could not involve any inaccuracies. 


The calculation of allowable drops by 
the method of ref. (a) required that 
values be picked from a curve which 
did not lend itself to accuracy. In Sep- 
tember, 1933 the bureau promulgated 
ref. (b) with its “K” curve as a means 
of determining allowable drop. This 
curve introduced further errors into the 
problem. The true “K” values compared 
with the values given by ref. (b) are as 
follows: 


3 4 6 8 
4.46 5.20 6.44 7.52 
3.85 4.50 5.65 6.61 

—14 —13 —12 —12 


cases allowable drops seem commonly 
to have been assigned at the “next 
higher” half ounce. However, at least 
one yard assigned allowable drops in 
increments of eighths of an ounce al- 
though it is difficult to understand how 
a mercury gauge could have been read 
so closely unless some kind of auxiliary 
device was used. The use of half ounce 
increments in the cases of small cal- 
culated allowable drops would have per- 
mitted the acceptance of compartments 
which were much less tight than the 
theory contemplated. 


On the whole it appears that the 
limits of acceptability which have been 
set in the past may have demanded 
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tightness which was considerably greater 
than necessary in some cases and may 
have permitted the acceptance of many 
others which were much less tight than 
was desired. The belief that modern 
construction had made the attainment of 
much greater tightness possible (which 
led to the investigation in ref. (d), and 
the adoption of the present criteria) may 
have been due, in part, to the assign- 
ment of limits of acceptability which, 
due to accumulated errors, were much 
too generous. 


Accuracy of the determination of 
tightness—A mathematical analysis of 
the probable accuracy with which com- 
partment tightness has been determined 
in the past and still is being determined 
is presented in Appendix II. The fac- 
tors upon which accuracy depends are so 
many and are so variable that it is im- 
possible to assign a definite probable 
error to any given set of recorded data. 
The best that can be done is to calculate 
the possible extremes of error which are 
quite likely to be encountered in prac- 
tice. On this basis the following quite 
tenable conclusions may be drawn. Posi- 
tive errors indicate calculated apertures 
greater than actual; negative errors 
mean calculated apertures smaller than 
actual. 


(a) errors due to assumed standard 
values for physical constants, atmos- 
pheric pressure and due to inaccurate 
time measurements are of the order of 
+ 9%. 

(b) errors due to the calculation 
of compartment volume may be ex- 
pected to be about — 5%. 

(c) errors due to the inaccurate 
determination of d and to the assump- 
tion that n is unity may be expected 
to be: 


(1) least at high pressures and 
large drop values. The errors prob- 
ably range between 0 and + 20%. 

(2). greatest at low pressures and 
small drop values when they may 
range from — 100% to + 180%. 


An error of — 100% means a com- 
pletely unreliable test with a re- 
corded drop of zero and a compart- 
ment which is thus indicated to be 
bottle-tight; its actual tightness is 
completely unknown. Thus a re- 
corded drop of “zero” does not 
necessarily represent bottle-tight- 
ness and, indeed, it may seldom in- 
dicate that condition. 
On the whole it would seem that aper- 
tures calculated from past test data would 
frequently be from + 20% to + 50% 
in error and at times, particularly at low 
test pressures, would be + 100% in er- 
ror. “Plus” errors would seem, in gen- 
eral to be of greater magnitude than 
“minus” errors. This situation certainly 
promotes safety but it also involves much 
useless work in the correction of aper- 
tures which are presumed but do not 
actually exist. 


Appendix II reveals also that the ma- 
jor sources of error have been: 


(a) the indeterminate effect of heat 
transfer 


(b) insufficient accuracy in the de- 
termination of drop. 


By analogy, we have been using a rub- 
ber foot rule graduated in sixteenths of 
an inch to measure the dimensions of 
holes in which variations of hundredths 
of an inch were significant. We have 
not known how much the rule was ex- 
panded or compressed and, after we 
applied it to the hole, we have had to 
guess at the dimensions. 


In addition to the factors susceptible 
of mathematical analysis there are cer- 
tain practices followed by test personnel 
which may have further jeopardized 
accuracy. One tester who was inter- 
rogated stated that he considered “small” 
drops of about % oz. to be negligible 
and therefore recorded them as “zero.” 
Several expressed the belief that “there 
is no such thing as a bottle-tight com- 
partment” and one man carried this view 
into practice by recording all “zero” 
drops as % oz. These may be isolated 
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examples but in view of the variety of 
erroneous opinions concerning the sig- 
nificance of drops, it is possible that 
they represent fairly common practices. 


When demands for great tightness 
are issued to test personnel there is a 
temptation to adopt methods which, al- 
though perhaps only slightly unethical, 
are decidedly prejudicial to accuracy. 
For instance, it is interesting to note 
the effect of small angles of tilt on a 
mercury gauge. Suppose the gauge 
hangs truly vertical at the start of a 
test but at the conclusion of the test is 
tilted only 5°. The true pressure at 
the end is p ozs. but the gauge reads 
h ozs. 

h = psec 5° = 1.004 p 

The tilt results in a “steal” of 0.004 p 
ozs. The result at various test pressures 
is shown in the table. It isn’t difficult 
to “steal” a quarter or a half ounce, 
particularly at the higher pressures. 
There is reason to believe that some 
test gangs are cognizant of this prac- 
tical application of trigonometry. Un- 
doubtedly there are other esoteric prac- 
tices employed in certain cases and a 
thorough investigation of the problem 
might reveal some interesting facts 
bearing on the accuracy of recorded 
data. 


Pp 0.004p 
lbs. ozs. ozs. 
1 16 .06 
3 48 19 
5 80 32 
7 112 45 
9 144 58 


These large probable errors in the 
past determinations of compartment 
tightness point to two pertinent con- 
clusions : 


(a) the recorded data for past tests 
probably contains errors of large 
magnitude in many cases and com- 
partments which logically could have 
been expected to exhibit about the 
same degree of tightness should show 


wide variations in recorded results. 
Thus, comparisons between similar 
compartments or sister ships or build- 
ing yards must be made liberally. 


(b) many compartments probably 
have been accepted in the past which 
were measurably less tight than has 
been considered acceptable; in many 
others corrective work possibly was 
undertaken which was unnecessary. 
Neither is a desirable condition. 


In the case of compartments which, 
through errors in the observed drop, 
were passed with total aperture area 
greater than was considered desirable, 
it may be argued that this does not con- 
stitute a serious situation. If the com- 
partments in question were searched 
carefully and all discernible leaks were 
corrected, it may be said that the re- 
maining apertures were of such small 
individual area that they were negligible. 
If this argument be employed it natur- 
ally follows that the observation of 
pressure drop is a waste of time and 
should be abolished. On the contrary, 
it would seem that, in consideration of 
the great importance of adequate tight- 
ness, the success of the primary search 
for leaks should be established by ob- 
serving the drop in pressure. However, 
if compartments are to be accepted or 
rejected on the basis of such observa- 
tions, it is unquestionably desirable that 
the drops be measured with the best 
practicable accuracy. 


Greater accuracy is particularly de- 
sirable if it will reduce the amount of 
useless corrective work. The cost, in 
money and time, of testing compart- 
ments is large. If a reasonable pro- 
portion of this work is expended to 
attain an unessential degree of tight- 
ness the result is a large waste in time 
and labor. Greater accuracy would pro- 
mote the passing of compartments when 
they were “tight enough” and would 
reduce the efforts to make them “as 
tight as possible.” In view of the fact 
that many in the past probably have 
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been passed which were “not quite tight 
enough” the criterion of bottle-tightness 
does not appear to be generally neces- 
sary. 


Methods of increasing accuracy—lf 
laboratory accuracy were the standard 
to be sought the air test of a compart- 
ment would involve the use of a battery 
of barometers, wet and dry bulb, ther- 
mometers and other instruments. But 
laboratory precision is not necessary. 
As stated previously the chief, and only 
significant offenders against accuracy 
are inadequate precision in the cleter- 
mination of drop and the indeterminate 
effect of heat transfer. The reduction of 
errors due to these conditions is the 
most promising and effective approach 
to satisfactory accuracy. 


The absolute probable error in drop 
determination is a constant value inde- 
pendent of the total value of the drop. 
In other words, it is just as likely that 
an error of % oz. will exist in a re- 
corded value of drop of zero as when 
the recorded value is 2 ozs. Therefore 
the proportionate error may be reduced 
by increasing the value of the drop. 
From this point of view it is desirable 
in the test of a given compartment to 
increase the test pressure and the time 
of observation to the greatest practicable 
values. On the other hand, an increase 
in these factors promotes increased 
aberrations due to heat transfer unless 
steps are taken to eliminate this source 
of error. 


Errors in drop readings with the 
present mercury gauges arise because of 
poor or inaccurate scale markings, the 
difficulty of determining the exact height 
of the sharply curved meniscus of the 
mercury column when read _ without 
auxiliary aid and the distance between 
the mercury column and the scale which 
gives rise to parallax errors. All of 
these sources of error could be reduced 
by the use of a simple auxiliary sighting 
device as sketched here. The sighting 


To 
q 

0.55 
Line of 
Sight 1.0— 


a 


bar is provided with a “gunsight” to 
eliminate parallax errors. The scale is 
graduated in ounces and the vernier in 
tenths of an ounce. The device should 
be fitted with a screw to permit close 
control of the vernier movement and 
should be arranged to clamp to the 
gauge at any point. The test pressure 
(which is not required to be determined 
with great precision) should be read on 
the ordinary scale attached to the gauge 
itself. Prior to the start of the test the 
auxiliary device should be attached to 
the gauge with the sight bar somewhat 
above the meniscus and the bar lowered 
until the line of sight is tangent to the 
top of the meniscus, at which point the 
initial reading is taken. A similar pro- 
cedure at the end of the test period gives 
the final reading and the difference is 
the drop in tenths of an ounce. The use 
of such a device might result in fewer 
“zero” drops being recorded. 


A variety of other sensitive pressure 
recording devices probably is available 
but the manometer type of gauge now 
employed probably is as simple, cheap, 
rugged and reliable as any used and 
has the great advantage that test per- 
sonnel already are familiar with it. The 
sensitivity of such a gauge is improved 
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by the use of a fluid lighter than mer- 
cury. For most test pressures a very 
light fluid is not practicable for the 
measurement of total test pressure be- 
cause of the length of the gauge neces- 
sary, but it may be used in a “differen- 
tial” gauge to measure changes in pres- 
sure. The desirability of such a gauge 
was recognized in ref. (d) and one type 
was tested but proved impractical. 
Another and simpler type of differ- 
ential gauge, shown diagrammatically in 
the accompanying sketch, was tried by 


Tompartm't valve A 
— 


Tank 
3 


Mercury 
Gage 


the author. The water gauge was simi- 
lar in type to the mercury gauge. While 
the compartment was being charged with 
air, valve A was kept open and the test 
pressure was determined by the mer- 
cury gauge in the usual manner. At the 
same time the tank B was being charged 
to the test pressure. When it was de- 
sired to determine the drop, valve A 
was closed thereby maintaining the ini- 
tial pressure on the well of the water 
gauge. As the compartment pressure 
decreased due to leakage the water rose 
in the gauge glass and the height of 
rise determined the drop in pressure. 
With such a gauge the volume of the 
tank B must be relatively much larger 
than the volume of the gauge glass in 
order that as the water rises changes in 
the volume of the air in tank B and the 
associated tubing will result in negligi- 
ble changes in tank pressure. In the 


gauge described here the tank volume 
was about % cu. ft. 


The advantage of such a gauge is that 
with distilled water as the fluid the one 
ounce marks are about thirteen times as 
far apart as on a mercury gauge. Thus 
drops of 0.05 oz. could be read as easily 
and as precisely as drops of %4 oz. ona 
mercury gauge. 


The difficulty with such a gauge is 
that the tank B constitutes a very sensi- 
tive thermometer and small changes in 
ambient temperature measurably affect 
the height to which the water rises in 
the glass of the water gauge. However, 
this characteristic can be put to excel- 
lent use as shown in the diagram. By 


putting tank B inside the compartment 
under test and closing A at the start 
of the test the following actions will 
take place: 


(a) if the temperature in the com- 
partment remains steady the initial 
pressure will be maintained on the 
well of the water gauge and the rise 
of water will measure the leakage 
drop. 

(b) if, during the test, the tempera- 
ture of the air in the compartment 
rises the pressure in “B” will rise and 
the water will rise correspondingly 
higher. Note that a rise in tempera- 
ture results in a value of n for the 
compartment air less than unity and 
drop alone is too small when meas- 
ured by the usual means. Thus the 
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action of Tank “B” is to correct the 
drop to show what it would be if 
isothermal (n=1) conditions had 
prevailed. 


(c) if the compartment air tempera- 
ture decreases the pressure on the well 
of the water gauge decreases and the 
drop again is shown as though the 
condition were isothermal. 

Thus, such a device would record drops 
much more accurately than at present 
and the drops so recorded would auto- 
matically be compensated for tempera- 
ture changes. They would be the drop 
referred to isothermal expansion, i.e., 
the drop due solely to leakage. 


The same general conditions of tem- 
perature correction could be approxi- 
mated by using a mercury gauge alone 
by an arrangement shown in the accom- 
panying sketch. Valve “A” would be 


| a 


open while the compartment was being 
charged and Valve “C” closed. When 
drop was to be determined, Valve “A” 
would be closed and Valve C cracked 
to charge the tank. This latter opera- 


tion would drive the mercury back to 
zero. Then by closing Valve C the sub- 
sequent movement of the mercury col- 
umn would show the leakage drop. This 
scheme, however, lacks the sensitivity 
afforded by a lighter fluid. 


As proposed here, all drops would be 
those which would have occurred had 
the expansion been isothermal. 


There are certain objectionable fez- 
tures to the use of differential gauges 
as proposed above. They are: 

(a) the use of a tank within a com- 
partment adds to the time of setting 
up for a test. It would be possible to 
run the line leading to the small tank 
through existing air test fittings with- 
out difficulty but additional air-tight 
fittings would be required. 


(b) the additional fittings and the 
auxiliary tank, if not thoroughly tight, 
would provide sources of leakage 
which might spoil drop determination 
entirely. Such leakage would have to 
be guarded against with some care 
and tested for. 


(c) a water gauge would be un- 
satisfactory in freezing weather and 
a low freezing point flujd should 
be used. This would require care 
in maintaining the proper specific 
gravity. The fluid should not be oily; 
glycerine is not satisfactory. Pure 
alcohol is probably the best fluid. 


None of these difficulties places the 
method beyond the bounds of practica- 
bility but they are additional objections 
which must be accepted to gain greater 
accuracy. 


VI. STANDARDS OF TIGHTNESS 


It is well known that disparities exist 
between the test results of presumably 
similar compartments in sister ships but 
the magnitude of these variations is not 
generally recognized. The following 
tabulations are typical. The tables give 
an analysis of the completion test data 


for the ammunition and magazine spaces 
on sixteen sister destroyers built in 
eight different yards. The test pressure 
was 2 p. s. i. gauge in all cases. The 
allowable drop was the same for corre- 
sponding compartments on all ships. 
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The test data have been analyzed in 
three ways: 


(a) in order to put all of the ob- 
served drops on a common basis they 
were expressed as percentages of their 
corresponding allowable drop. This 
measures the degree with which the 
allowed standards were met. 


(b) expressed in the ratio A/V. 
This measures the “index” of tight- 
ness. 


(c) expressed as the total aperture 
area which existed in the compart- 
ment at the time of the test. 


In each tabulation the “consistency” 
of results is measured by the average of 
the differences, compartment by com- 
partment, between the two ships at each 
yard. It should be noted that the two 


ships at a given yard could have a low 
order of tightness and still show great 
consistency. 

From any viewpoint the greater ap- 
parent tightness attained by Yards D 
to H is noticeable; the performance of 
Yard F is remarkable. In contrast, the 
tightness attained by Yards A to C, 
although it complies in all cases with 
the requirements, is relatively poor. 

A similar tabulation comparing seven 
similar CL’s built at four different yards 
is also given. Again there is shown a 
decided lack of uniformity and again 
one yard reports remarkably good 
results. 

In all cases there is a marked lack of 
uniformity in the results for any given 
compartment, not only between yards 
but also in sister ships at the same yard. 


DD—AMMUNITION AND MAGAZINE SPACES 


Al- Ratio of Observed Drop to Allowable Drop, % 

low- 

Comp’t. | Vol. | able 
Drop | Yard A | Yard B | Yard C | Yard D | Yard E | Yard F | Yard G |} Yard H 
A-405 504 3% 0 7 | 14 0 | 57 0 0} 29 0 0 0 0 0 0 0 
406 557 3 100 | 67 | 17 |100 | 50 0 Oj; 17] 17] 17 0} 50 0 0 | 17 | 33 
407 1447 3% | 29 | 14 | 43 0 | 43 | 29 | 21 | 14] 21 0 0 0 0 0 0 0 
408 685 8% | 29 6 6 | 35 0} 12 0 6 0 | 12 0 0 6 0} 12 | 24 
D-301 1136 7% | 13 | 27 | 13 3 | 20 | 23 0 0 0 7 0 0 | 13 7 0} 13 
302 1692 3% 14 | 14 | 43 | 29 0 0 0 0 0 0 0 | 29 14 
303 481 3 100 | 33 | 67 | 33 | 17 0 | SO 0 | 17 | 33 0 0 0 0 | 50 | 67 
304 1034 2% 0; 80 0 | 20 | 60 | 40 0 0 0 0 0 0 0 | 40 | 10 | 30 
305 453 6% 0} 46 0 8 | 54] 15 0 0 0 0 0 0 | 15 0 0 4 
307 458 3 0 0 | 17 8 17] 17 0 0 0 0 0 0 | 33 0 0 0 
308 409 3 33 0 0 0 | 67 0 0 0 0 0 0 0 0 | 5O 0 0 
Average 28 | 27 | 16 | 20 | 39 | 15 6 6 5 6 0 5 6} 11 8 | 17 

Average Consistency 30 24 27 10 5 5 16 9 
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DD—AMMUNITION AND MAGAZINE SPACES 


Value of A/V X 107 


Comp’t. Vol. Al- 
low- | Yard A | Yard B | Yard C | Yard D | Yard E | Yard F | Yard G} Yard H 

able 
A-405 504 74} O} 10] 42 0; 21 0; O 
406 557 64 | 64 | 42 | 10 | 31 10}; 10} 10 31 0} 10} 21 
407 1447 74 | 21 10 | 31 31 | 21; 15 | 10] 15 0 0 0 0 0 0 0 
408 685 176 | 53 | 10 | 10 | 64] O} 21 0} 10 0 | 21 0; 21} 42 
D-301 -1136 155 | 21 | 42 | 21 5 | 31 | 36 0 0 0; 10 0 0} 21 | 10 0} 21 
302 1692 74 0} 10 0 | 10 | 31 | 21 0 0 0 0 0 0 0} 21 0} 10 
303 481 64 | 64 21/42 21/10; 31 10; 21 0; 31 | 42 
304 1034 53 | 42} 10] 31] 21 0; 0; Of; 21 5 | 15 
305 453 143 0 | 64 0} 10 | 21 0 0 0; 21 0 0 5 
307 458 64; 10} 5} 10] 10}; O 0; O} 21 0; 
308 409 64 | 21 0; O; 42; O; O 0; O| OF; 31 0; 0 


Average 91 22 | 22 | 12 | 17 | 30 


Average Consistency 26 20 21 


The disparity of results in these pre- 
sumed sister ships may be accounted for 
in part by the inherent inaccuracies dis- 
cussed in Part V and, in part, by differ- 
ences in the details of design and con- 
struction but the striking differences in 
average results seems to point towards 
differing standards of tightness at vari- 
ous yards. It may be that some yards 
aim for air tightness as the customary 
standard while others set water-tight- 
ness as the goal and consider a com- 
partment acceptable when the observed 
drop is somewhat less than the allow- 
able drop. 


There is a great difference in the 
labor and cost of corrective work re- 
quired by the two standards. If air tight- 
ness is the end in view the search for 
leaks must be more rigorous and the 


corrective work more complete than 
seems required for watertightness. It 
would appear, considering the example 
above, that Yards A to C could have 
attained a greater degree of air tightness 
in the compartments in question had 
they expended further effort but, pre- 
sumably, the standards of tightness at 
those yards did not demand it. 


The original intention of ref. (a) was 
to set watertightness as the criterion of 
acceptability. At a much later date, 
however, this appears to have been 
changed and the following excerpt from 
a bureau letter on the subject is perti- 
nent: 

“It is not the intention (of the 
bureau) that the pamphlet ‘Air Test- 
ing of Compartments’ nor the instruc- 
tions based on it be accepted as the 
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DD—AMMUNITION AND MAGAZINE SPACES 


Value of A X 104 
Comp't. Vol. Al- 
low- | Yard A | Yard B | Yard C | Yard D | Yard E | Yard F | Yard G | Yard H 
able 
A-405 504 44 0 3 6 0 | 25 0 0 | 13 0 0 0 0 0 0 0 0 
406 557 36 | 36 3 6 | 36 | 17 0 0 6 6 6 0 | 17 0 0 6 | 12 
407 1447 108 | 30 | 15 | 45 0 | 45 | 30 | 22 | 15 | 22 0 0 0 0 0 0 0 
408 685 100 | 31 6 6 | 37 0; 15 0 6 0} 15 0 0 6 0; 15 | 25 
D-301 1136 172 | 24 | 48 | 24 6 | 35 | 40 0 0 0; 11 0 0} 24] 11 0; 24 
302 1692 128 17 0} 17 | 52 | 36 0 0 0 0 0 0 0 | 36 0} 17 
303 481 31 | 31 | 10 | 20} 10 5 0} 15 0 5 | 10 0 0 0 0; 15 | 20 
304 1034 54 0 | 42 0; 10 | 31 | 21 0 0 0 0 0 0 0} 21 5] 15 
305 453 65 0 | 29 0 5 | 34] 10 0 0 0 0 0 0} 10 0 0 2 
307 458 29 0 0 5 2 5 5 0 0 0 0 0 0} 10 0 0 0 
308 409 26 9 0 0 0; 17 0 0 0 0 0 0 0 0 | 13 0 0 
Average 72 | 15 | 18 | 10] 11 | 24] 14 3 3 3 4 0 2 5 7 4/10 
Average Consistency 18 16 14 4 5 2 10 7 


standard for testing, but rather that 
the degree of tightness so determined 
be the absolute minimum which under 
any case is acceptable—It is con- 
sidered that the cardinal principle in 
compartment testing is that the source 
of leakage be determined and, where- 
ever this leakage is due to imperfec- 
tions or poor workmanship, corrective 
action be taken. The practice of 
searching the boundaries as fully as 
practicable with soap and water when 
a compartment is under air test should 
be standard and, regardless of the 
pressure drop attained, leaks should 
be reduced or eliminated wherever 
practicable.” 
This is a clear statement of the fact 
that air-tightness is the standard to be 
employed. 


The records of past tests do not indi- 
cate that all yards have been working 
toward this goal. Almost certainly, part 
of the wide differences in test results 
have been due to differing standards. 

Regardless of the method by which 
minimum acceptable degrees of tightness 
are determined this question of stand- 
ards still remains to be answered. The 
presently existing requirements as speci- 
fied in ref. (f) are more rigorous in 
their demands than those previously em- 
ployed but they do not imply that air- 
tightness is the end to be sought and 
varying standards will continue to exist. 
Until the policy is stated clearly it is 
likely that wide differences in apparent 
tightness will continue. 

It is debatable whether the standard 
of tightness should be an air-tight com- 
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CL—AMMUNITION AND MAGAZINE SPACES 
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Comp’t.| Vol. | | 
Allow- Yd.' Yd. 
able a K | L 
| | | } 
A-207 | 877 13 
: 419 | 250 38 
, 503 | 2030 29 
- 507 | 4080 15 
| 816 29 
816 29 
: 515 | 2540 22 
516 | 1670 22 
517 | 1670 22 
: 531 | 1650 22 15 | 
521 | 682| 67 15 | 
522 | 682 67 15 | 
523 740 45 8 
524 | 740 45 15 | 
527 | 2075 | 22 0 | 
528 | 1220 29 8 
: 605 | 696 22 8 
6053) 300 36 0 
606 | 991 24 13 
608 | 1248 | 22 15 | 
D-302 153 49 0 
: 502 | 1380 15 8 
503 | 506 24 _ 
504 | 660:| 22 8 
: 505 159 62 24 
507 | 4960 15 8 
: 509 | 426 29 15 
: 510 | 426 29 15 
511 | 2208 15 0 
| 
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partment. In the case of tanks and voids 
it probably is reasonable but for other 
spaces which are expected to be flooded 
only in case of emergency or damage 
there is room for argument. Apertures 
which will result in lively air leakage 
will, in many cases, leak negligible 
amounts of water and should be no cause 
for concern. This stand should not be 
interpreted to mean that poor design, 
careless workmanship or indifferent 
search for leaks should be acceptable. 
There should be no elimination of a 
careful search of all boundaries of a 
compartment to discover and correct all 
the air leaks which are discernible but 
once this has been done and the pres- 


sure drop has been brought below a 
reasonable value, it is safe to assume 
that the remaining air leaks are so scat- 
tered and of such small individual area 
that they are negligible and further 
search to discover and rectify them, 
solely in the effort to attain “zero” 
drops, would add little, if anything, to 
useful tightness. 


The proper aim would appear to be 
the adoption of reliable and precise 
means to determine the leakage drop 
and the ascertainment and employment 
of the best practicable criterion of use- 
ful tightness. The latter should be no 
more rigorous than past experience has 
shown to be required. 


Epitor’s Note: A previous portion of 
this article appeared in the May, 
1952 issue of the Journat. The re- 
mainder of it will be published in a 
subsequent issue. 


: 
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VIBRATIONS IN 
MARINE ENGINEERING 


various aspects of the subject. 


Shipbuilders in Scotland.” Excerpted. 
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INTRODUCTION 


More than a century of progress in 


the art of ship propulsion has resulted: 


in the subject of this paper becoming 
one of ever increasing importance to en- 
gineers and shipbuilders alike. New 
types of propelling machinery, new 
methods of ship construction, higher 
speeds and more exacting standards for 
safety and human comfort have all 
brought in their train at some time or 
other problems in vibration requiring 
the serious consideration of designers 
and technical experts. Much light has 
been thrown on the subject in recent 
years and there is a clearer understand- 
ing on many points although the meth- 
ods available for dealing with certain 
important aspects are still in an unsatis- 
factory state which current research is 
directed at improving. From the de- 
signer’s point of view it must be said 
that there is a great need for correlating 
the accumulated data on the subject, as 
the scope has become very broad. A 


voluminous text-book would be required 
to cover all the ground, and there ap- 
pears to be none yet published dealing 
specifically with the marine side, which 
has many basically different features 
compared with other branches of engi- 
neering. 


Examination of the papers included in 
the Transactions of this Institution since 
its inception in 1857 reveals the sur- 
prising fact that the subject has received 
but scant attention, only two or three 
efforts being related thereto over that 
long period and these dealt only with 
particular phases. 


Many notable contributions to knowl- 
edge of the subject have, however, origi- 
nated in Great Britain, and some 
valuable pioneer work has also been 
done abroad. The paper therefore deals 
with the subject mainly in a general 
and historical manner, introducing a 
few detailed practical examples which 
are considered to be of common interest. 
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VIBRATIONS MET IN PRACTICE 


Vibrations met in marine engineering 
may be divided broadly into two main 
classes: firstly, those occurring within 
the main machinery and not appreciably 
affecting surrounding parts. These may 
affect safety, reliability, and efficiency ; 
they may be caused by internal disturb- 
ances such as those arising from uneven 
turning effort in reciprocating engines, 
unsuitable proportions, or inaccurate 
production (for example, tooth errors in 
transmission gearing, unbalanced roters, 
etc.), or they may be due to external 
influences, as for instance the varying 
resistance to the propeller drive, which 
is invariably present in some degree. 
Secondly, vibrations caused by the ma- 
chinery with little or no loss of per- 
formance, may set up objectionable 
effects in the spaces or structure of the 
hull. These may affect the ship as a 
whole, or local parts only, and may be 
manifest as relative periodic movement 
or as unpleasant noise. The root causes 
include uneven turning effort, unsuitable 
balance of reciprocating engine parts, 
unbalanced rotating parts, variable pro- 
peller reaction, and pulsation of induc- 
tion and exhaust. 


Considering the types of vibration 
coming within the first category, there 
is the possibility of : 


(a) Torsional Vibrations due to un- 
even turning effort or varying propeller 
resistance or both. These are most 
troublesome to deal with on main pro- 
pelling machinery of the reciprocating 
type. Sometimes there is external evi- 
dence of the condition, such as the rat- 
tling of chain drives and gear drives on 
the engine and increased noise and click- 
ing of teeth on geared transmissions, 
but severe torsional vibrations of high 
periodicity, which may ultimately lead 
to shaft failure, can occur without much 
external indication. 


(b) Longitudinal Vibrations set up 
through varying propeller thrust, the 


combined effect of the uneven turning 
effort and the blades working in a non- 
uniform wake stream. 


(c) Lateral Vibrations as evidenced 
by the whipping of shafts in the trans- 
mission system. There is a particular 
type of lateral vibration associated with 
the bending of the screw-shaft while ro- 
tating, on account of the uneven dis- 
tribution of thrust over the propeller 
disc. This will be referred to later. 


(d) Transverse Engine Vibration. In 
reciprocating engines the variable turn- 
ing effort reacts on the guides and 
causes the engine to rock about its base. 
In certain circumst:nces this type of 
vibration can be vey troublesome, as 
will be explained later on. 


(e) Singing Propellers. There are 
different theories as to the precise ex- 
planation of this phenomenon. It is 
known, however, that by following cer- 
tain lines of design singing can be 
avoided with a fair amount of certainty. 


In the second group the following 
forms occur: 


(a) Vertical Vibration of the Whole 
Ship. Most commonly this is of the 
fundamental 2-node type, although 3 
and 4 nodes have been met. It is asso- 
ciated with engine balance in the ver- 
tical plane, and may also be due to 
dynamic unbalance of revolving parts 
of rotary machines, or propeller reac- 
tion. 


(b) Horizontal Vibration of the 
Whole Ship. With 2, 3 or 4 nodes, it 
is caused by unbalance of revolving 
parts or by propeller effects. 


(c) Torsional Vibration of the Hull. 
This has occasionally been referred to 
in technical circles and could conceiv- 
ably occur with one or more nodes, prin- 
cipally stimulated by reactions at the 
stern of the vessel, particularly with 
multi-screws. 
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(d) Local Vibrations. Flapping of 
masts and rigging, panting of sections 
of the decks, vibration of doors, railings, 
furnishings, etc., can all be caused by 
machinery effects, although occurring at 
places remote from the source of dis- 
turbance. 


(e) Noise. The ncise spectrum of the 
engines usually includes a great num- 


ber of different frequencies of varying 
intensity, the sound being transmitted 
through the structure, or airborne, so 
that the predominant notes may be heard 
in many parts of the ship more or less 
intensely. The intake of air to an en- 
gine or the discharge of the exhaust 
gases may make special contributions 
to this. 


FIISTORICAL SURVEY 


Since the scope of the subject is very 
wide it is not surprising that from the 
time it became a major question it took 
over three-quarters of a century to 
identify, the types, establish reasons for 
their occurrence, and devise means for 
dealing with the problems involved. It 
was undoubtedly fortuitous that in the 
beginnings of power-driven ships the 
combination and proportions adopted 
were unfavorable in general to the stim- 
ulation of vibration. The first commer- 
cially successful steamer was the Comet 
of 1812 and it was a small wooden 
paddle-driven vessel with a very slow 
running engine, an arrangement un- 
likely to be troublesome unless possibly 
due to the finish of the engine suffer- 
ing from the inferior quality of machine 
tools available in those times. Iron hulls, 
more prone to vibration, came into use 
for sea-going vessels about 1832 and 
were supplanted by steel ships in 1870. 
It has been recorded that in some of 
the early paddle ships, although the 
speed of the engine was low the period 
of the floats striking the water coincid- 
ing with a natural frequency of the hull 
caused vibration. Even in modern pad- 
dle-driven river steamers forced longi- 
tudinal vibration of the ship, due to the 
variable turning effort of the engine, can 
be felt but not to an unpleasant extent. 


As the size and speed of ships in- 
creased, associated with more powerful 
and faster running engines—which for 
a long period were exclusively of the 


reciprocating type—the relative propor- 
tions reached the zone where the pos- 
sibilities of critical vibration occurring 
were greatly increased. Following suc- 
cessful experiments in 1837, screw pro- 
pellers began to be adopted and there 
was a period during which the prevail- 
ing low-speed engines were fitted with 
increasing gear to suit a faster running 
propeller before higher-speed vertical 
direct-coupled reciprocating engines 
came into vogue, bringing the machin- 
ery into the range of vibratory condi- 
tions. Thus by 1884 much experience 
had accumulated leading Otto Schlick, 
who appears to have been the first to 
tackle the problem seriously, to assert 
in a paper’ to the Institution of Naval 
Architects that “All steamers without 
exception shake to a more or less de- 
gree when the engines are in motion. 
This phenomenon is so natural that in 
most cases little or no attention is paid 
to it.” Schlick then advanced the ex- 
planation that the vibrations were 
caused by the pressure of the reciprocat- 
ing or revolving masses or the sideward 
pressure of the propeller. He was aware 
of the possibility of changing’ the condi- 
tions by altering the number of propel- 


ler blades, or moving the screw round 


relative to the engine cranks. In the 
latter event his supposition was that the 
center of gravity of the propeller was 
off center and a position could be found 
where the centrifugal force due to this 
balanced the engine effect. The influ- 
ence of cargo disposition had been no- 
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ticed and strengthening of the hull after 
construction was dismissed as being 
ineffectively small in proportion to the 
total stiffness. A rough method of 
measuring vertical vibration on deck 
was illustrated which, although very 
crude, forms the basic principle in some 
modern instruments. Eight years later, 
in 1892, A. F. Yarrow in a paper? to 
the same Institution established that 
ship vibration was mainly due to un- 
balanced inertia forces in the engines 
and showed by a model how to counter- 
act these by the use of bob weights. 
Engines were run coupled and uncoupled 
in a ship to show that it made no differ- 
ence to the vibration. In a particular 
instance a maximum magnitude of vi- 
bration of 2% in. measured at the stern 
of a torpedo boat was reduced to %a in. 
with the bob weights. An instrument 
called a Vibrometer for accurately re- 
cording the vibrations was exhibited. 


In 1893 Otto Schlick read a second 
paper*® describing his instrument called 
a Pallograph, for registering vertical 
and horizontal vibrations in ships, thus 
considerably facilitating analysis. At 
the same time the reason for periodic 
surging of vibration on twin-screw ves- 
sels was dealt with, the effect in the 
vertical direction varying from maxi- 
mum to minimum as the relationship 
between the two crankshafts changed 
slowly from in-phase to anti-phase due 
to a slight difference in speed, and vice 
versa for the horizontal direction. The 
tendency for twin-screws to cause tor- 
sional vibration of the hull was com- 
mented on. 


In the following year a further paper* 
by Schlick marked the publication of his 
well-known empirical formula for cal- 
culating the approximate fundamental 
natural frequency of vertical vibration 
of a ship. By means of an interesting 
model, Schlick demonstrated the influ- 
ence of the relative position of the en- 
gine in the ship on the vibration pro- 
duced—this being the first time attention 


had been drawn to this very important 
factor—and postulated the principles to 
observe according to the existence of 
unbalanced forces or unbalanced couples. 
Comments on unfavorable arrangements 
of 3-crank triple-expansion engines in 
tankers were made and 4-crank engines 
with particular crank angles balanced 
according to a given method were ad- 
vocated. This paved the way for the 
introduction of the famous Yarrow- 
Schlick-Tweedy method of balancing 
steam reciprocating engines for ships, 
which revolutionized the harmonious 
running of the machinery. Schlick’s ac» 
tivities stimulated so much interest in 
the matter that only a year later, in 
1895, a group of three more papers on 
the subject was presented to the Insti- 
tution of Naval Architects.> The first, 
by Schlick, was concerned with vibra- 
tions of higher order than the funda- 
mental 2-node modes, these having been 
identified on certain types of ship. The 
free natural vibration characteristics of 
uniform rods had previously been estab- 
lished and Schlick stressed the i:por- 
tance of carrying out experiments on 
ships to locate nodal positions and ob- 
tain frequency ratios to compare with 
uniform bars. Torsional hull vibrations, 
not of large amplitude but known to 
affect humans disagreeably and to have 
destructive effects on the hull, had been 
experienced, and a type of formula for 
calculating their period was proposed. 


The principal feature of the second 
paper,® by Mallock, was the description 
of a method of determining the period 
of vibration of a loaded ship by means 
of a wooden plank model, any section 
of which was proportionately as stiff as 
the ship at the corresponding position, 
loaded with weights equivalent to the 
cargo plus hull. The model was sup- 
ported horizontally on two or three 
rollers suspended by crossed belts from 
similar rollers on overhead rails, and 
vibrated electro-magnetically. Arrange- 
ments were made to record the time and 
magnitude of vibration, the rollers being 
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adjusted to the positions giving maxi- 
mum ‘effect. The results showed that 
the nodes were farther from the ends 
than in a uniform bar, and the effect of 
changing cargo disposition was also ex- 
amined on the model. 


The third paper’ in the group, by 
Robinson and Riall Sankey, was an at- 
tempt to profit by some experience with 
stationary engines by suggesting the 
adoption of two similiar 3-crank engines 
coupled in line for marine work as 
ensuring freedom from vibration effects, 
and for apparently the first time on 
record the influence of the obliquity of 
the connecting rod on the inertia forces, 
previously ignored as negligible, was 
taken into account. 


In the discussion on these three papers 
R. E. Froude made the significant com- 
ment—“Of course we have often been 
obliged to put up with vibration. We 
are used to vibration in ships and when 
it was regarded as pretty nearly incu- 
rable we were ready to put up with it.” 
This indicates that shipbuilders were 
going through some troublous times at 
that period. A fresh point mentioned 
was the effect of crosshead side thrusts 
creating a tendency for the engine to 
vibrate angularly about the center of 
the crankshaft. 


Six years later Schlick made a further 
valuable contribution ® to knowledge of 
the subject by giving an account of ex- 
periences on the trials of the Deutsch- 
land, a 662-ft. vessel with well-balanced 
twin-screw reciprocating engines total- 
ing 37,000 s.h.p., the fundamental natu- 
ral frequency of vertical vibration being 
67 per minute. From paliograph records 
the maximum stern amplitude was 46 
in. but did not occur when the two en- 
gines were in phase for the theoretically 
maximum effect, so Schlick advanced 
evidence to show that this was due to 
the propellers. At this time Thornycroft 
introduced the idea that want of uni- 
formity in the velocity of the current 


following the ship could produce vibra- 
tion. Also in the same year, 1901, Prof. 
Dalby published® his classical general 
solution for determining the unbalanced 
forces and couples in multi-cylinder re- 
ciprocating engines, taking into account 
the effect of the connecting rod. 


It had by now become obvious that a 
reliable way of calculating the natural 
vibration periods of a ship was highly 
desirable and it was recognized that one 
of the main factors governing this was 
the effective modulus of elasticity of the 
material contributing to the strength of 
the hull, since the nominal value of 
13,000 tons per sq. in. for steel could 
not be used for reckoning the stiff- 
ness in the principal directions of a 
large hollow complex structure having 
relatively thin members, as the distribu- 
tion of load over any cross-section may 
depart from the usual simple beam 
theory, being influenced by buckling of 
plates, riveting, etc. On this factor Sir 
John Biles in 1905 described!® some ex- 
periments made on H.M.T.B.D. Wolf, 
which was arranged to rest on two 
cradles in dock and be subjected to hog- 
ging and sagging with different levels 
of water, measuring deflections and 
strains from which the apparent values 
of E could be determined. The results 
do not appear to have given much satis- 
faction as they varied from 9300 to 
16,000 tons per sq. in., throwing suspi- 
cion on the reliability of the tests. 


In the same connection Prof. J. B. 
Henderson in 1909 gave an account?! 
of experiments made on dynamic models 
consisting of flat steel bars resting on 
supports at the nodes and set in vibra- 
tion electro-magnetically while the fre- 
quency was measured stroboscopically. 
First with a uniform bar it was dem- 
onstrated that nodal positions and fre- 
quencies tallied with theory. Then 
models of varying width and weights 
attached to simulate the stiffness and 
loading conditions on H.M.S. Path- 
finder, for which vessel the natural fre- 
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quency was already known, were tried. 
From the results it was deduced that 
the effective value of E for the ship was 
only 70 percent of the yalue for plain 
bars. Similarly a model based on the 
Lusitania gave a ratio of 76 percent. 
In the light of present-day knowledge 
these experiments would be discounted. 


Schlick’s final contribution’? to the 
subject was in 1911, when he reviewed 
the progress since his first paper 27 
years earlier. He claimed that with 4- 
crank engines balanced on the Yarrow- 
Schlick-T weedy system vibrations of en- 
gine frequency never occurred, and with 
balanced triple-expansion engines they 
could also be avoided, depending on the 
positional relationship of the engine to 
the nodes. Weak tremors remaining, 
formerly masked by the violence of the 
main vibrations, were attributed to the 
effects of the wake streams, particularly 
with inclined shafts, or to blade pitch 
errors in the propellers. In 1912 Giim- 
bel'® gave a method of calculating the 
torsional frequency of the hull by sub- 
stituting for it an equivalent loaded 
elastic shaft, both torsional stiffness and 
the intensity of loading being propor- 
tional to the corresponding features of 
hull and cargo along the length, such 
system being amenable to mathematical 
treatment. Difficulties in application in- 
cluded doubt about the proportion of the 
structure to include in the stiffness and 
the effective modulus of rigidity. Nine 
years later Robb’ referred to previous 
efforts to determine the effective modu- 
lus of elasticity and suggested that to 
a large extent the apparent discrepancies 
were due to neglecting the deflection 
arising through shear, a point already 
well established in the simple beam 
theory, and this view found general 
support. 


About this time troubles attributed to 
torsional vibrations were commonly be- 
ing experienced in the transmission of 
the newly-introduced forms of double- 
reduction geared turbine propelling ma- 


chinery and a timely paper on the sub- 
ject was read by Walker and Cook, 
which showed that these were due to 
the varying resistance of the propeller 
blades in cutting through the non-uni- 
form wake stream, and could be dealt 
with by suitable design. Interest in more 
accurate methods of calculating vibra- 
tion periods for ships was increasing 
and in 1924 Nicholls?® put one forward 
for obtaining 2- and 3-node vertical and 
horizontal frequencies allowing for bend- 
ing and shear, with some attempt to 
account for the effect of water vibrating 
with the ship, the deflected form being 
assumed to be similar to that for a uni- 
form bar vibrating in the same mode. 
Dynamic models were used and the re- 
sults compared with records from an 
actual ship. Nicholls also improved on 
Giimbel’s method of calculating torsional 
periods of the hull by making the 
masses distributed instead of concen- 
trated and dispensing with the calculus. 


In 1926 an article!’ by Pavlenko was 
published explaining a new method of 
calculating 2-, 3- or 4-node ship periods 
by making certain assumptions about the 
variation of section inertia and loading 
and using tables of appropriate coeffi- 
cients based on the deflected form being 
as for a uniform beam. It was claimed 
that this gave closer results than any 
other known method but factors were 
neglected which are now known to be 
quite important. 


The first paper?® on the subject given 
to this Institution was by Cole in 1928. 
It introduced a new method for the cal- 
culation of the flexural periods of the 
hull using a complex formula derived 
by equating the work done in deflecting 
the ship to the sum of the bending and 
shear strain energies, accepting that the 
curve of deflection was similar to that 
for a uniform bar vibrating in the same 
mode, with an approximate correction 
to give proper end conditions, taking an 
equivalent parabolic form of loading, 
and using coefficients for different types 


565 


f. 
al 
| 
at 
al 
ly 
1€ i 
AS | 
le 
of 
of | 
ld i 
f- 
a 
ig | 
m 
of 
ir 
x= 
if 
10 
4 
Is 
id 
es 
ts 
to 
B. 
11 
Is 
a- 4 
| 
y. 
e- 
on 
its 
id 
h- 
e- q 
= 


of vessel to allow for variation of sec- 
tion inertia. There was also an allow- 
ance for added water according to em- 
pirical rules. To shorten the work, 
tables of values for ranges of some of 
the differential coefficients and integrals 
required were included. In view of the 
broad assumptions and factors ignored 
the treatment could not be regarded as 
complete or a great advance on the sim- 
ple approximate short-cut formulae 
available at the time, although in the 
examples given three out of four cal- 
culated periods agreed closely with ob- 
servations. Sonie consideration was also 
given to longitudinal and torsional hull 
vibrations. 


A paper?® by Inglis in 1929 dealt 
with the development of mathematical 
methods of calculating the natural fre- 
quencies and modes of vibration in 
beams of non-uniform mass and section 
but it was hardly suitable for direct 
application to ships. Around this period 
some unpleasant experiences had arisen 
in Diesel-driven vessels and in 1930 
Sulzer read a paper ?° “Causes and Pre- 
vention of Vibration in Motorships.” 
This paper was mainly concerned with 
torsional vibrations in the engine and 
transmission shafting, and how these 
could be restricted by changes in shaft 
diameters, crank angles, and flywheel 
masses, but some examples of other 
types of vibration were also included. 
Instances where high-speed auxiliary en- 
gines caused local vibrations were men- 
tioned. Attention was drawn to trans- 
verse vibration of engines causing shak- 
ing of the foundation and hull. The 
opinion was expressed that engineers 
would be satisfied if the hull frequencies 
could be estimated within 5 percent of 
the actual values. 


One of the most useful contributions 
to the subject was the paper?’ by Lock- 
wood Taylor in 1930. This dealt with 
a method of estimating the probable 
magnitude of ship vibration allowing for 
damping and for the relative position 
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of the engine in the ship, comparisons 
between observed and calculated deflec- 
tions for a number of ships under differ- 
ent loaded conditions being given. In a 
paper** in 1933 Inglis gave the germ 
of the idea for minimizing vibrations by 
the application of a small auxiliary mass 
attached to the affected part. Five years 
later Constantini produced a_ paper 25 
showing how to calculate ship periods by 
using more suitable and reliable coeffi- 
cients in the empirical formula, taking 
into account the entrained water, the 
distribution of mass and inertia, the 
effective elastic modulus and _ inertia, 
the damping factor, and rotational kin- 
etic energy. Points discussed included 
uneven stress distribution, imperfect 
workmanship, temperature effects, ef- 
fectiveness of longitudinal frames in 
tankers and of light superstructures on 
passenger vessels, wood sheathings and 
deck compositions, etc. Diagrams ob- 
tained on a Geiger vibrograph showing 
vibrations of various types on several 
vessels were given, including one show- 
ing the effect of a damaged propeller 
blade. A type of vibration difficult to 
eliminate was referred to, namely, that 
arising from the propeller, and a device 
for coping with this, the Loser Neu- 
tralizer, was described and illustrated. 
This contrivance, which seemed a prac- 
tical outcome of Inglis’ 1933 suggestion, 
had been fitted in a single-screw motor- 
ship with satisfactory results, particu- 
lars of the performance with and with- 
out the neutralizer in action being given. 
When installed on a large passenger 
liner, however, the effect was not so 
complete as the neutralizer could not 
be located near enough to the source 
of disturbance. The principle of this 
fitting is that by adjusting the mass of 
water contained within it its frequency 
can be fixed just below that of the dis- 
turbing impulse and it therefore moves 
in anti-phase to the latter, reducing the 
movement to an extent depending on its 
size in relation to the impulse. In a 
ship loaded to 11,700 tons the neutralizer 
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Fig. 1.—Ship vibration frequencies." 


I.—Equivalent depth of ship 


De=*¥ .. . D3L,/L.- 


II.—Effect of vibrating water 


A and J; are displacements, tons, actual and allowing for water 
B=Breadth and d=draught in ft. 


41=A[(B/3d) + 1-2). 
IIl.—Frequercy formula 


N=Vibs. per min., vertical 2-node, B=constant from graph. 


4/BD3/A,L*. 
Deduced 
from the 


graphs 
IV.— Vertical 3-node vibration 


= 46,200 BD3/4 27 for passenger and cargo ships 


=51,200 BD3/4,L*+30 for tankers. 


Ratio 3-node freq.: 2-node freq. = 2-28-2-53 : 1(measured on 3 ships). 


For uniform beam 


= 2-76: 1 (theoretical). 


For double wedge-shaped beam of uniform depth 


V.—Horizontal 2-node vibration 


= 2-26 : 1 (theoretical). 


Approx. 1-37x vert. 2-node freq. at 80 per cent. full displacement 
1-25 x vert. 2-node freq. at 57 per cent. full displacement 
say (0-3x+ 1-1) x vert. 2-node freq., where #=fractional dis- 


placement. 


weighed 12 tons and reduced the: vibra- 
tion 94 percent. From the discussion on 
this paper it was evident that severe 
vibrations were still very prevalent on 
ships. 


For some time prior to and following 
this, eminent British authorities—nota- 
bly Todd? and Burrill?+—devoted much 
attention to the problem, principally in 
the direction of rendering the simpler 
methods of calculating ship periods more 
closely accurate. The latest 1948 ver- 


sion?? of Dr. Todd’s method is very 
simple to apply but is likely to give 
errors up to 10 percent or more unless 
a greater range of coefficients to cover 
all designs of ships built is amassed 
from actual experience (Fig. 1). 


Within comparatively recent times re- 
search workers in other countries have 
made an extensive study of the subject 
and carried out some very thorough in- 
vestigations. As a result of several 
years of theoretical and experimental 
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effort on the Continent, Prof. Prohaska 
in 1947 published an account?® of his 
work on the vertical vibration of ships. 
It appears to take into account practi- 
cally every conceivable feature of the 
problem of calculating the natural period 
of vibration of a ship under all condi- 
tions and might be regarded as the most 
complete solution so far published. 
Briefly the work consisted of first cal- 
culating the period for a number of 
different types of vessels of varying 
form with many different distributions 
of loading and inertia, this being car- 
ried out by the known lengthy process. 
The results were related to form param- 
eters, with methods of allowing for 
shear, superstructure, additional mass of 
water, draught, trim, and depth of 
water, so that for any of the usual 
types of vessel the period could be cal- 
culated by means of comparatively sim- 
ple formulae used in conjunction with 
corrections obtained from graphs or 
tables. (Appendix I.) 


The effects of draught, depth and 
mass of water, were verified experi- 
mentally with models of different forms 
tested in a tank at several draughts. 
For 15 ships of various types the values 
obtained by the calculations were ex- 
ceptionally close to the actual observed 
frequencies. The ground covered, how- 
ever, only applied to the fundamental 


state of vertical vibration with two 
nodes. 


Also in 1947 an American report ?5 
by Adams and Welch was issued on the 
calculation of flexural critical frequen- 
cies of ships’ hulls by means of a method 
previously used by Prohl for determin- 
ing the critical speeds of turbine rotors, 
etc. The method, which is applicable to 
the fundamental and higher modes, im- 
plies the use of a punched-card machine, 
a knowledge of the distribution of mass 
and section inertia of the hull, and of 
the mass of water affected. It appears, 
however, to ignore some important fac- 
tors. 


A recent paper**? by Jaeger repeated 
or confirmed much of Prohaska’s results, 
with extension to the horizontal vibra- 
tions and higher modes, torsional hull vi- 
brations, and consideration of the assess- 
ment of the nuisance value of vibrations. 
Apart from the question of hull fre- 
quency calculations, there have been 
during the past ten years or so a number 
of articles or papers on other branches 
of the subject, including instrumenta- 
vibration diagnosis in geared 
turbines,°° torsional axial, and lateral 
vibrations in the transmission system,** 
measurement and analysis of torsional 
vibrations in the engine system,*? trans- 
verse vibration of marine Diesel en- 
gines,*® and special methods of per- 
forming vibration calculations.**: +1 


PRESENT STATE OF KNOWLEDGE 


HULL VIBRATION PERIODS 


Vertical Vibration. By means of com- 
paratively simply applied modern formu- 
lae the natural frequency of 2-node ver- 
tical vibration at a given displacement 
can be estimated from the basic data 
usually available in the preliminary de- 
sign stage. The degree of error may 
amount to as much as 10 percent, but 
this margin could be reduced as more 
information becomes available about ac- 


tual observed frequencies for representa- 
tive types of vessel from which more 
appropriate values of the constants 
could be determined. For closer esti- 
mation, and to allow for more varying 
conditions, the method developed by 
Prof. Prohaska ° can be utilized. 


The long-term full integral methods 
that have been established for calculat- 
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ing this frequency, taking into account 
all known relevant factors, give results 
that have been found generally to agree 
very well with observed values, but they 
do not appear to have been given much 
attention excepting by a few authorities 
on the subject and by research bodies, 
presumably because of the great amount 
of work involved in the task. 


As regards the higher modes of vi- 
bration, that is, with 3, 4, or more nodes, 
no reliable approximations have been 
devised and the integral method used 
for the fundamental mode is inapplica- 
ble. There are, however, some other 
devious ways of proceeding, including 
solutions by the energy method and by 
the use of basic functions,®* which with 
proper allowances show some promise of 
satisfaction, and continuing research on 
these may lead to something tangible in 
the near future. As the number of 
nodes increases the proportional influ- 
ences of,shear and rotational inertia on 
the deflected form become greater, and 
the effect of these factors is difficult to 
assess precisely. Observations have 
shown that the ratios between the fre- 
quencies in the several modes of vibra- 
tion, although fixed quantities for uni- 
form free-free bars, vary widely in 
practice, even in the same ship under 
different conditions of loading. Since 
the higher modes may be stimulated by 
effects from numerous sources, for ex- 
ample, the main or auxiliary machinery 
and propellers, and generally are more 
unpleasant to endure than low period- 
icity disturbances, it is considered de- 
sirable to have a reasonably close idea 
of their frequencies before the design is 
too far advanced, thus the pursuit of 
further knowledge on this question 
should be encouraged. 


Horizontal Vibration. As a first ap- 
proximation, the natural frequency of 
the fundamental horizontal vibration 
may be obtained by multiplying the cor- 
responding vertical frequency by a fac- 
tor depending on the percentage of full 


displacement and type of vessel. Ex- 
amination of published figures recorded 
on ships shows, however, that this 
ratio varies very widely. Attempts to 
calculate the frequency accurately by the 
long process of integration, etc., similar 
to those explored for vertical vibration 
have not met with much success and 
this seems to be principally because of 
the difficulty of properly allocating the 
amount and distribution of the mass of 
water associated with the vibration, 
Some investigation is, however, being 
carried out in that direction. Meantime 
it seems that only the collection of much 
data from actual observations on a large 
number of different vessels under differ- 
ent conditions can afford an adequate 
means of dealing with this problem, 
which does need consideration because 
horizontal 2-node vibration is commonly 
met with and reputed to be more un- 
comfortable than the vertical vibration. 


The situation in regard to the fre- 
quencies of the higher modes of hori- 
zontal vibration is even more obscure 
than for the corresponding vertical 
types but fortunately horizontal disturb- 
ing impulses tending to stimulate these 
are less likely to arise, are lower in 
magnitude, and easier to control. 


Torsional Hull Vibrations. Although 
these have frequently been referred to in 
papers, approximate formulae being 
quoted and methods of working out the 
frequency described, little factual evi- 
dence has been published on the subject. 
Only the fundamental mode, that is, 
with a node approximately midships, has 
been mentioned, and the frequencies ap- 
pear to be at least several times the 
vertical 2-node transverse frequency. In 
calculations, one of the stumbling blocks 
is the difficulty of assessing the effective 
torsional stiffness of the structure. Twin- 
or multi-screw vessels appear to be 
those most likely to be affected by this 
type of vibration. 


Longitudinal Hull Vibrations. The 
possibility of these arising is very re- 
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mote but should not be entirely ruled 
out for futuristic ships of extreme di- 
mensions. Frequencies have not been 
worked out in detail but are believed 
to be so high as to put the conditions 
outside the range of appreciable syn- 
chronous effects. 


Torsional Vibrations in the Machin- 
ery. All forms of propelling machinery 
are subject to the possibility of torsional 
vibrations being excited within the 
transmission system, but some are more 
prone to this than others. Neglecting 
the mass of the connecting shafts there 
are as many possible modes of vibration 
as there are shafts in the system but 
usually in practice only the first or sec- 
ond require consideration, although the 
third and higher modes sometimes have 
to be reckoned with. 


Methods of determining the torsional 
vibration characteristics when vibrat- 
ing in any of these modes have been 
established on firm foundations and con- 
ditions are capable of being predicted 
with sufficient accuracy for most pur- 
poses, within the limits of error of 
+2¥Y percent for l-node and +5 per- 
cent for 2-node frequencies. There are 
various ways of working out the natu- 
ral frequencies of torsional oscillation, 
the most practical being the simply ap- 
plied trial-and-error tabular process 
attributed originally to Holzer, and this 
is facilitated if a suitable machine is 
available and if advantage is taken of 
preliminary approximations. If in spe- 
cial instances a deeper investigation is 
envisaged, for example, involving the 
effect of adjustment of shafts and masses, 
then some of the newer methods that have 
been more recently introduced are applic- 
able, for example, such as the use of 
tuning curves*! and the conversion of 
the problem into its electrical analogy,*> 
both of which require more mathematical 
skill and concentration than the first 
method. 


The correct assessment of the basic 
data is of primary importance and men- 


tion should be made of some of the 
doubtful factors. It is a common prac- 
tice to add 25 percent to the propeller 
inertia to allow for water carried round, 
regardless of speed, immersion, and 
shape and flexibility of the blades, which - 
does not seem logical, and some authori~- 
ties have suggested more rational treat- 
ment, associating the addition, for ex- 
ample, with the solid of revolution swept 
out by the blade profile,?° or the pitch 
ratio.2® However, quite a large error in 
the allowance will in many instances 
only have a small influence on the fre- 


quency. 


Propeller inertias in air calculated 
from approximate formulae are subject 
to wide discrepancies (see Appendix 
II), and for final calculations it is ad- 
visable to obtain the inertia by graphical 
integration of the blade sections. The 
figures for inertias of important ele- 
ments such as flywheels, dampers, rotors, 
and gear-wheels, can be checked experi- 
mentally by swinging or rollirfg on knife 
edges. 


In motorships, the torsional stiffness 
of the crankshaft has a decided influence 
on the second and higher modes of vi- 
bration, and experience shows that it 
can be estimated sufficiently closely to 
agree with observations by adaptations 
of the general empirical formulae that 
have been published and amplified in 
recent times, verified in some instances 
by actual tests. These include the Carter 
formula, the British Internal Combus- 
tion Engine Research Association rule,** 
and Zimanenko’s method.’* By the use 
of such means, for a series of direct- 
acting opposed-piston engines the crank- 
shaft stiffness ratio for different sizes 
ranges from 1.02 to 1.21, this being the 
ratio of the equivalent length of plain 
shaft to the actual length. Similar en- 
gines made by different manufacturers 
may not show exactly the same charac- 
teristics, as the methods employed, bear- 
ing clearances, alignment, etc., vary, and 
these have an influence. 
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As regards the disturbing impulses 
which foment the vibrations, in turbine 
drives the principal effects arise from 
the varying propeller resistance, those 
due to gear-cutting errors and alignment 
faults being of unpredictable amount, 
although very high standards are now 
achieved in that respect. In motorships, 
while variation in propeller resistance is 
likewise a factor, the predominating in- 
fluence is the varying turning effort of 
the engine. For the principal proprietary 
types of oil engine the harmonic com- 
ponent of the turning effort due to gas 
pressure in the cylinder have been de- 
termined over the output range. In this 
connection it should be stated that the 
indicator cards used as a basis must be 
perfect, preferably obtained with a geo- 
metrically correct direct-driven rig or 
by means of the Farnborough indicator, 
the cam-type gear being subject to too 
great a possibility of error. For the 
lower orders these have to be combined 
with the harmonics of the inertia forces 
that can be calculated, taking into ac- 
count the ratio of the connecting rod to 
the crank. 


For the major modes of vibration, if 
both propeller and engine sources of ex- 
citation are relatively important, then 
the phase relationship between the blades 
and cranks can have a substantial influ- 
ence on the value of the resultant vibra- 
tory torque, but generally little atten- 
tion is given to this point, the setting 
adopted being an arbitrary one having 
no particular reference to calculated 
vibration characteristics. To illustrate 
this, a recent paper** deals with the 
hypothetical case of a midship installa- 
tion of triple-expansion engines driving 
a 3-bladed propeller, the conclusion ar- 
rived at being that with correct phasing 
the vibratory torque reached a value 
77 percent of the mean torque, whereas 
in the worst phasing position this rose 
to 127 percent. At the same time it was 
pointed out that the effect on the pro- 
pulsive performance of the propeller of 
the torsional vibration in conjunction 


with the wake form would also have to 
be considered in fixing the relative 
angle. 


Methods of calculating the probable 
vibration stresses at synchronous speeds 
vary according to the mode. For 1- 
node vibration where the propeller is 
the principal source of damping, the 
magnitude of this can be approximated 
from known characteristics of the screw 
or prototype model for use in expression 
giving the stress.42 With 2 or more 
nodes, the propeller amplitude is rela- 
tively small, therefore only engine damp- 
ing and shaft hysteresis need be con- 
sidered, some taking an over-all engine 
damping factor to cover these and others 
basing on shaft hysteresis laws with a 
suitable coefficient determined from ex- 
perience to allow for other factors. A 
recent classification society recommenda- 
tion is that certain stated limits of vi- 
bration stress in the main driving parts 
should not be exceeded, distinguishing 
between those allowed for continuous 
running or for transient conditions, tak- 
ing into account the relationship of the 
critical speed to the service speed and the 
size of the shaft. No guidance, however, 
is given as to the methods to be employed 
for ensuring this by previous calcula- 
tion. This is no doubt a necessary step. 
Nevertheless some installations produced 
in the past—before much attention was 
given to the subject—were liable to 
decidedly more severe conditions than 
would now be accepted and some of these 
are still running without experiencing 
failure due to torsional vibration. A cer- 
tain amount of control is possible by 
adjusting shaft stiffness or the size and 
disposition of flywheel masses. Fig. 2 
shows the effect of varying the size of 
the transmission shafting on the 1-node 
conditions in a tanker installation. As 
the diameter is increased to reduce the 
vibration stress to continuous running 
limits the critical speed draws nearer to 
the service speed, which might be con- 
sidered more objectionable than having 
a barred range lower down the scale, 
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Fig. 2, Tanker with opposed-piston engine. Effect of shaft size on torsional 
vibration stress and critical speed. 


especially if the astern power is only 
about half the ahead power. In this 
particular instance, the size of shaft 
necessary to put the critical speed well 
above the service speed would be pro- 
hibitive. 

As regards the actual measurement of 
the amount of torsional vibration, me- 
chanical instruments such as the Geiger 
and Cambridge torsiographs are fre- 
quently used to produce permanent rec- 
ords for subsequent analysis. Although 


subject to certain limitations they are 
favored for ease of application and 
operation and can yield reliable results. 
Modern types of electronic apparatus 
can also be applied, including the wave 
analyzer, but on account of their com- 
plex nature their use is best confined to 
specialists until marine engineers be- 
come accustomed to the apparatus and 
are convinced of its reliability. The point 
of application of the instrument requires 
judicious selection according to the 
mode of vibration and should not be 
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where stiffness varies. If applied at only 
one spot, the correctness of the esti- 
mated elastic form of the system has to 
be assumed in calculating the vibration 
stresses, and depending on the amount 
of damping and the proportions of the 
system comparatively large errors could 
arise if due allowances are not made. 
The most reliable course to adopt, which 
has been used for example for 1-node 
vibrations in intermediate shafting, is to 
apply two torsiographs as far apart as 
practicable without a node or mass be- 
tween and take simultaneous records 
yielding the vibration twist by difference 
and hence the stress by direct calcula- 
tion. 


When the vibration stresses exceed 
the limit regarded as safe for continu- 
ous running it is usual to mark barred 
ranges on the tachometer and to exhibit 
a warning plate. The normal conditions, 
however, could be upset by special cir- 
cumstances such as uneven distribution 
of power in the cylinders of reciprocat- 
ing engines, the cutting out of one or 
more cylinders in: emergency, tachom- 
eter belt slip, and damage to propeller 
or damper. It would, therefore, appear 
useful to have a simple device to give 
visible indication of the incidence of 
critical speeds, since these do not neces- 
sarily give external warning of their 
presence. 


HULL VIBRATION EXCITED BY THE ENGINES 


Turbine Machinery. Transverse vi- 
bration with high-speed rotating parts 
is caused when the mass centroid line 
of the revolving element is not coinci- 
dent with the geometrical axis of the 
journals, centrifugal action setting up 
unbalanced revolving forces reacting on 
the bearings which in the general case 
are unequal and not at the same angle, 
the effect being equivalent to a single 
force and a couple. The frequency of 
these is usually well above the frequen- 
cies of the low orders of vertical or 
horizontal hull vibration, but the bear- 
ing pedestals, seatings, pipes and fit- 
tings directly attached, are liable to be 
seriously affected and to transmit vibra- 
tion to any remote part of the vessel 
where the local natural frequency syn- 
chronizes with the speed at the source, 
a condition usually amenable to local 
stiffening. Due to slight machining er- 
rors, lack of homogeneity of the metal, 
and non-uniformity of attached parts, 
a 5-ton rotor for 3000 r.p.m., for exam- 
ple, might be out to the extent of any- 
thing from 5 to 50 in.-oz. per ton 
weight, corresponding to unbalanced 
forces at speed of between 400 and 4000 
lb. After adjustment in a modern dynam- 
ic balancing machine it is possible to 


reduce the cold error to the region of 
1 in.-oz. per ton, the force then being 
only 80 Ib., which should ensure smooth 
running unless in special circumstances 
such as thermal distortion due to high 
temperature or uneven heating, damage 
to blading, rubbing in packings, over- 
speeding, priming of steam, uneven de- 
posits, etc. By means of a special type 
of balancing machine or with electronic 
equipment, it is possible to rectify the 
effects of mishaps or deterioration by 
re-balancing the part on board should 
that course be necessary, although at re- 
duced sensitivity compared with a nor- 
mal machine ashore. In low-speed parts 
like large main gearwheels, which with 
cast iron centers may be as much as 
50 Ib. out near the rim when finish ma- 
chined, sufficient to create an unbalanced 
force of the order of 1000 Ib. at speed, 
static balancing on knife edges is usu- 
ally quite sufficient to ensure that no 
forces capable of exciting appreciable 
vibration are set up. 


With these 


Reciprocating Engines. 
the tendency to produce vertical or hori- 
zontal vibration in the ship is mainly 
dependent on the characteristics of the 
unbalanced inertia forces arising from 
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reciprocating or revolving parts, on the 
position of the engine in the ship, and 
on the speed in relation to the natural 
periods of the vessel. Revolving effects 
occur at engine speed which limits any 
consequent horizontal vibration to fre- 
quencies at or near that rate. With usual 
proportions harmonics of the Ist and 
2nd order are the only ones generally 
of any significance arising from the in- 
ertia of the reciprocating parts, so that 
in the vertical plane synchronism would 
take place if the’ vibrations of the ship 
per minute are equal to or twice the 
revolutions of the engine per minute. 
Usually the aim is to balance engines 
as completely as possible, but even en- 
gines that are considered to be very 
well balanced are not necessarily im- 
mune from vibratory influences, because 
the balance criterion is an over-all group 
feature, and in long engines the differ- 
ence in amplitude of vibration through- 
out the length, taking into account the 
deflected form of the hull, can have a 
decided effect, the stiffness of the frame 
having some bearing on this. A near 
approach to the ideal is a well-known 
and predominant type of opposed-piston 
engine in which the revolving and 
primary reciprocating forces for the 
upper and lower drives at each individ- 
ual cylinder balance each other, leaving 
only 2nd-order forces, which are of 
smaller magnitude, to deal with by group 
balance. Such engines can be confidently 
installed in any of the usual positions 
favored in a ship without fear of caus- 
ing vertical or horizontal vibration pro- 
vided that the balance of attached 
pumps is adequately covered. 


It is not generally appreciated that en- 
gines very much out of balance accord- 
ing to generally accepted ideas can, with 
suitable disposition, run at synchronous 
speeds without setting up appreciable 
vibration. To advance the study of ship 
vibration by means of apparatus applied 
directly on board the Lloyd’s exciter ?® 
was introduced. This can be used to sub- 
ject the hull to periodic forces of known 
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magnitude and frequency but its scope is 
restricted by the size and weight, so that 
systematic exploration of the effects of 
application at different positions along 
the profile of the ship is difficult to ar- 
range. 


Transverse Engine Vibration. In 
reciprocating engines the reaction to the 
varying turning effort tends to cause the 
frame to vibrate transversely about its 
base, the guide pressure forming one 
arm of the couple acting. The combina- 
tion of engine and double bottom, both 
possessing some degree of flexibility, 
has a natural frequency for this type 
of vibration, and when this synchro- 
nizes with the frequency of any of the 
harmonic components of the overturn- 
ing effort amplitudes may reach propor- 
tions which not only cause serious in- 
convenience in the engine room but set 
up secondary effects in every part of the 
ship where elements of the same fre- 
quency exist. This engine condition, 
which is loosely termed “tuning-fork” 
vibration, is one of the most difficult to 
eliminate. It is rather surprising, there- 
fore, that very littie factual matter about 
it has been published. Generally only the 
major harmonics, which act in consort, 
need to be considered ; thus for example 
in a single-acting two-stroke engine the 
speed should preferably be kept clear of 
the natural frequency divided by the 
number of cylinders. This is not always 
possible when the number of cylinders 
is large but against that the higher 
harmonics are smaller in magnitude and 
if the seats and double bottom are well 
stiffened the amplitude can be limited to 
acceptable amounts, with the critical 
speed in a convenient relation to service 
speed. However, it seems that large en- 
gines with numerous cylinders, in addi- 
tion to vibrating transversely in the 
parallel mode, can also respond in a 
skewed fashion, the upper part bending 
like a double cantilever fixed in the 
center, or as a bow with 2 nodes, in 
which event the resultant effect of the 
harmonics would require closer study, 
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although with these more complex 
modes the reactions on the ship would 
not appear to be so serious. Some in- 
formation about this aspect is given in 
a recently published paper by Ijssel- 
muiden. Tuning-fork vibration in twin- 
screw ships can be alleviated by putting 
ties between the engines, and this raises 
the natural frequency. In single-screw 
ships the fitting of ties between the top 
of the engine and the sides of the en- 
gine room casing is sometimes proposed 
to reduce transverse movement but for 
several potent reasons few practical 
engineers would agree to this, espe- 
cially in large vessels. 


Propeller Effects. If the center of 
mass of the propeller is displaced from 
the axis of rotation or the blades are 
not exactly similar in pitch and spacing, 
then at speed the supporting bearing is 
subjected to varying reaction occurring 
at shaft frequency which can excite ver- 
tical or horizontal hull vibration. This 
was a common occurrence in the earlier 


days of screw propulsion but now that 
most modern working propellers are 
made by precision methods, finished all 
over and statically balanced, this feature 
can be considered eliminated unless the 
screw becomes damaged. Even with 


perfectly made propellers, however, 
there can be exciting impulses set up 
at blade frequency or multiples thereof 
due to wake variation, hydrodynamic 
pressure fluctuation on the submerged 
hull in proximity to the sweep of the 
screw, or to the passage of the blades 
past bossings, struts, stern frame, and 
rudder, the extent of these effects being 
very difficult to assess. Some data have 
accumulated on wake distribution, the 
variation of which can be minimized by 
adopting suitable lines for the after 
body, and as regards the other items 
adequate clearances in the way of the 
blade tips have to be allowed. Unpleas- 
ant results from this type of action are 
by no means uncommon and the obvious 
but expensive cure is to replace the 
screws by others with a different num- 


ber of blades and thus alter the fre- 
quency. 


When the ship is vibrating the ampli- 
tude at the extreme ends is several times 
the greatest amount elsewhere, so that dis- 
turbing impulses due to propeller action 
have a much more powerful stimulating 
effect than forces of the same magnitude 
occurring in machinery situated closer 
to midships. In recent years there has 
been an epidemic of screw-shaft casual- 
ties in certain classes of ship, failures 
occurring mainly in the tapered end, 
indicating bending fatigue principally, 
and a great amount of investigation into 
this has been carried out. One author- 
ity** asserts that the main cause of the 
trouble is local lateral whirling of the 
propeller on the overhanging shaft and 
advances a theory confirmed by model 
experiments in support of this idea. Due 
to the thrust variation on each blade as 
it cuts through the non-uniform wake 
the shaft is subjected to a fluctuating 
moment causing it to bend in a fore-and- 
aft plane as it rotates, the number of 
reversals of stress per revolution being 
dependent on the number of blades. 
When resonance occurs the propeller 
whirls with the shaft and the static 
stress due to the eccentric thrust load is 
considerably magnified, so that in con- 
junction with other effects high stresses 
leading to ultimate failure are set up. 
Ship vibration will also accompany the 
state if the frequency is near a hull fre- 
quency. This theory appears to be 
worthy of close study. 


Local Vibrations. These are liable to 
occur in any part of a ship and in such 
a complicated structure it is impossible 
to guarantee complete freedom before 
completion. They are due to local fre- 
quencies synchronizing with disturbing 
impulses in some section of the running 
machinery. Generally it is possible to 
eliminate them by extra stiffening of 
the part, particularly if the auxiliary 
concerned is a constant-speed machine. 
There are instances, however, where it 
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has been found more satisfactory to deal 
with the source of the disturbance di- 
rect, for example, by improving the bal- 
ancing or mounting arrangements. In 
motor ships vibration of the engine room 
casing and surrounding accommodation 
is a common source of annoyance. It can 
be caused by the exhaust impulses, and 
this should be borne in mind when de- 
signing the exhaust pipe lead and an- 
choring arrangements. 


With the opposed-piston engines vi- 
bration of the engine room casing doors 
and in adjacent passages has sometimes 
been experienced. In a particular exam- 
ple, the entrance door on one side of 
the casing opened into a long passage 
closed at one end. Near full speed the 


Instances of the above are rare in the 
mercantile marine but during the last 10 
years or so experiences on high-powered 
naval vessels and a large passenger liner 
led to a thorough exploration of the 
principle involved so that for future 
guidance there is ample information on 
the subject available.*! With this type 


A comprehensive review of the accu- 
mulated information on this topic, to- 
gether with some broad conclusions 


The continuous metallic nature of the 
ship’s structure is ideal for transmitting 
noise from the machinery to all parts, 
and air waves also act as a medium. A 
certain amount of practical investigation 
has been carried out as to the extent to 
which noise reaches the accommodation, 
the proportions that are respectively 
structure-borne or air-borne, and the 
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panels of the accommodation along the 
outside of the passage vibrated heavily 
when the door was open. The -engine 
had 5 cylinders and a single crank- 
driven scavenge pump. Application of 
a reed vibrometer indicated that the fre- 
quency of the vibrations was five times 
engine speed. The upper pistons caused 
air movements at the same rate and 
rough calculation showed that the reso- 
nance in the casing air space was un- 
likely. Treating the passage way as an 
organ pipe with one open end, it ap- 
peared that the air impulses were syn- 
chronizing with a natural frequency of 
the air column and of the panels. The 
fitting of a double door with an air lock 
between ensures freedom from this type 
of action. 


of vibration the thrust variation is con- 
siderably magnified if resonance occurs, 
imposing heavy loads on the thrust 
block and seating, which should be 
designed accordingly and the most ap- 
propriate number of blades in the pro- 
peller chosen to suit the condition. 


derived therefrom, is given in a recently 
published article*® by Work. 


effectiveness of sound insulating ar- 
rangements,:and possibly in time this 
may lead to more uniformity of opinion 
on the subject. Noises from high-speed 
engines, particularly of the internal com- 
bustion type, are more objectionable 
than from slow-moving machinery, and 
it is a common experience to find that 
direct-coupled main propelling Diesel 
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engines are much quieter than the faster- 
running Diesel generators. Enclosing 
the latter in sound-proof cabinets is one 
method that has been formulated as: a 
preventive. Another modern artifice is 
to support the complete unit on noise 
isolation mountings. The principles un- 
derlying the design and application of 
these fittings are now well-established 
and they are becoming more widely 
used. For the main propelling machin- 
ery, however, there are strong practical 
objections to the adoption of resilient 
mountings. 


One of the difficulties in dealing with 
this matter is the absence of a simple 
and satisfactory method of assessing the 
strength of the noise without having to 
depend merely on the judgment of indi- 
viduals. Too many bases of comparison 
are in vogue and the marine engineer 
is apt to be confused with the multi- 
plicity of terms used in noise and vibra- 
tion measurement, for example, decibels, 
phons, sones, pals and trems, so some 


clarification and standardization appears 
to be needed. 


The silencing of the exhaust gases 
from internal combustion engines is a 
problem that demands attention, par- 
ticularly in passenger ships. Numerous 
designs have been tried in the past but 
so far the ideal of maximum sound 
absorption with minimum resistance 
does not seem to have been sufficiently 
attained, and it seems surprising that 
there has been no organized research 
on this to establish basic principles. 
High back pressure is detrimental to the 
performance of the engines, especially 
those on the two-stroke cycle, and the 
silencer must be so proportioned that it 


FUTURE 


Modern requirements in connection 
with engineering products have become 
so exacting that it is astonishing to find 
little or no reference to vibration char- 
acteristics in contract specifications. The 


gives sufficient acoustic efficiency with- 
out exceeding the allowable resistance. 
Waste-heat boilers generally serve as 
excellent silencers, also exhaust-gas tur- 
bines. Methods in use for silencing the 
air inlets to oil engines and _ turbo- 
chargers give satisfaction. 


Like noise, the question of the nui- 
‘sance value of mechanical vibration is 
a vexed one. Authorities have divergent 
views on the basis of measurement and 
Table I gives the factors to which the 
degree of discomfort has been con- 
sidered proportional by different in- 
vestigators. 


TABLE I 


Criterion Expression 


Amplitude a 
Velocity (max.) aw 
Acceleration (max.) aw? 
Kinetic energy (max.) 7? 
Rate of change of kinetic 

energy (max.) 

» is the circular frequency of the 

vibration. 


The velocity criterion appears reasonable 
from the point of view of the stresses set 
up, and suits some, convenient methods of 
instrumentation.3° The acceleration cri- 
terion seems more suited to the idea of 
human reaction to the vibration; ac- 
celerometers can be used for recording. 
Data have been published on each of 
these conceptions and it seems desirable 
to adopt a common method of approach. 


A point worth mentioning is that 
whereas vibrations in the machinery 
can produce dangerous stresses in the 
working parts, vibration stresses in the 
hull are generally small even though the 
amplitudes appear serious to the senses. 


TRENDS 


fact of the matter is that this cannot be 
done in a definite manner unless and 
until proper standards of measurement 
are available. Another point is that usu- 
ally no attempt is made to decide the 


577 


the 
rily i 
‘ine | 
nk- 
of i 
nes 
sed 
and { 
un- 
an 
ap- q 
yn- 
of 
The 
lock 
ype 

con- 
urs, 
rust 
be | 

ap- 
pro- 

| 


VIBRATIONS 


onus of responsibility as lying with the 
engineers or the shipbuilders, which 
could in some circumstances create an 
awkward situation. The subject is one 
which demands the closest possible col- 
laboration between naval architects and 
engine designers, and there is a tend- 
ency for this to be neglected, particularly 
when another firm supplies the engines 
to a shipbuilder. In time complete 
knowledge of the subject may render 
it possible for manufacturers to work 
with confidence to rigid specifications. 
They will, however, need to be on guard 
against the ever-changing _ conditions 
associated with engineering progress, 
the introduction of new types of ma- 
chinery or more advanced versions of 
existing forms; for example, gas tur- 
bines and supercharged two-cycle oil 
engines are possibilities. 


Materials have an influence, and the 
use of aluminum in ship construction is 
being increasingly advocated. All- 
welded ships are becoming more numer- 
ous and in this connection experience 
has already shown some difference as 
compared with similar riveted ships, 
that is, less structural damping capacity. 


Improvements are needed in regard 
to the simplicity, reliability and mobility 
of relevant apparatus, not only for re- 
search purposes but also to enable ordi- 
nary operators to diagnose vibration 
complaints with dispatch. 


It is interesting to note that increas- 
ing attention is being given to the ap- 
plication of strain gauges to places 
hitherto considered inaccessible, for ex- 
ample propellers, which should prove 
helpful in vibration study. 


A great amount of research has been 
carried out recently, and is continuing, 
on ship vibration problems, particularly 
in regard to frequencies. Possibly too 
much emphasis has been laid on engine 
effects, because if the position of nodes 
is known approximately, engines could 
be so designed that at synchronous 
speed no appreciable vibration resulted, 
and consequently the exact value of the 
frequency would be immaterial. This 
would simplify matters provided that 
effects arising at the propeller end 
could be rendered insignificant, and 
more attention to that aspect would be 
profitable. 
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APPENDIX 
VERTICAL VIBRATION OF SHIPS 


PROHASKA’S FORMULA 


N = [55.5 R/ q(1 + e)] V1/[(4/1000) x (L/100)*)]. 
N = Number of 2-node vertical vibs. per min. 
I = Midship section inertia about the neutral axis, ft.* 
A = Displacement in tons. 
L = Length, ft. 
q = Total mass distribution coefficient. 
e = Ratio of mass of vibrating water to displacement. 
r, = Correction factor for variation of section inertia. 
r, = Correction factor for deflection due to shear. 
r, = Correction factor for transverse contraction. 
R = Product r,7,73. 
Graphs are given to aid in assessing R, q and e. 
e has to include water depth allowance, by graph. 


Appenpix II 


MoMENT OF INERTIA OF PROPELLERS 


A commonly used expression for weigt is of the form: 
where 
W = K,D*(M.W.R.) (B.T-F.) 
W = weight, tons. 
D = Tip diameter, ft. q 
M.W.R. = Mean blade width ratio. 
B.T.F. = Blade thickness fraction. 
Likewise for inertia: 
I = K,WD? ton ft.? 
Data from a representative number of different solid 4-bladed propellers gave the 
following values for the coefficients : 4 
K, = 0.178 to 0.228, variation 28 percent, for bronze. 
0.169 to 0.194, variation 15 percent, for cast iron. 
K, = 0.0368 to 0.0464, variation 26 percent, for bronze. 
0.0416 to 0.0490, variation 18 percent, for cast iron. 


Closer estimates can be obtained by combining these formulae, thus : 
I= K,D5(M.W.R.) (B.T.F.) 


where 
K,=K, x K, 
= 0.00786 to 0.00916 for bronze (16% percent variation). 
0.00727 to 0.00854 for cast iron (17% percent variation). 
These values of K, are the same propellers which gave the above values of K, 
and K,. 
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AppPpENDIXx III 
DovusLeE REDUCTION GEARED TURBINES WITH 
FLEXIBLE SHAFTS 


Frequency equation: 
I, + 1/8, + I,/[8,— 1,/(8,1, + 1,)]+ 1,/[8; —1,/(851, + 1;)] = 0. 
I, = Inertia of secondary gearwheel and pinions. 
I, = Inertia of propeller. 


I, & I, = Inertia of H.P. and L.p. primary gearwheels and pinions. 
I, & I, = Inertia of HP. and L.p. turbines. 


$,=1—(F/n,)?, 8, = 1—(F/n,)?, etc. 
n, = Frequency of propeller with gearing fixed. 


n, & n, = Frequency of H.P. and L.p. primary gears on their shafts with 


the secondary gear fixed. 


n, & n, = Frequency of H.P. and L.p. turbines on their shafts with the 


primary gears fixed. 
F = Natural frequency of whole system (5 values in all). 


The inertias are all referred to the low-speed shaft. 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 
(10) 
(11) 
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Free piston machinery has received 
considerable well warranted attention of 
late from forward-looking engineers. 
The newest type of such machinery— 
the gas generator which supplies hot gas 
under pressure for gas turbines—seems 
to have received the lion’s share of this 
attention, while other types of free 
piston devices are still comparatively 
unknown. While gas generators un- 
questionably show great promise, they 
are still in the experimental stage of 
development and will probably remain 
in that stage for at least several years. 
On the other hand, little is heard of free 
piston air compressors, despite the fact 
that they have been proved by more than 
twenty years of actual use. 


The disparity of interest between the 
free piston gas generator and the air 
compressor can be attributed neither to 
any marked miracles performed by the 
generator nor to any particular faults 
of the air compressor. The fact is that 
each is very good in its own class, and 


therein lies the crux of the matter. The 
field of gas turbines is one in which a 
great deal of time and money is now 
being spent in an effort to make gas 
turbines sufficiently practical and eco- 
nomical to permit their more general 
use. Since the gas generator offers a 
possible means of attaining this end, it 
enjoys the benefit of being presented 
under favorable circumstances and hence 
receives wide acclaim. The air com- 
pressor, however, has to compete with 
conventional compressors which are well 
entrenched and are performing quite 
satisfactorily. The mere fact that the 
free piston compressor offers improve- 
ments over the conventional types is not 
enough to attract widespread attention. 
It is therefore the main interest of this 
article to present the free piston air 
compressor. 


Junkers, in Germany, was the original 
manufacturer of the model to be dis- 
cussed here. This compressor, delivering 
air at 3,000 psi., was in use in German 
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submarines during World War II. Since 
the end of the war, Worthington, in 
this country, has produced a free piston 
compressor with only very minor dif- 
ferences from the Junkers model, which 
is shown in Figure 1 and schematically 
in Figure 2. As the most direct method 
of explaining the principles of its opera- 
tion, it is proposed that Figure 2 be 
used to trace the flow of air through 
the unit. 


After passing through a strainer, the 
air enters the intake at the left and is 
supplied to both sides of a double acting 
piston which provides both scavenging 
air and the first stage of compression. 
On the instroke of this piston, its in- 
board side forces air under low pres- 
sure (normally about 2 psig.) into the 
annular scavenging air chamber in the 
central portion of the machine. Mean- 
while, the outboard side of the piston 
is taking on air from atmosphere. When 
the piston moves outward again, its in- 
board side is on its suction stroke, tak- 
ing air from atmosphere. The chamber 
on the outboard side of the piston has 
two sets of discharge valves. During 
the initial part of the outward stroke, 
scavenging air is discharged through the 
valves in the cylinder wall. At some- 
what less than its half-stroke, the piston 
covers these valves and the first stage 
of compression begins, with the remain- 
ing entrapped air further compressed 
and discharged through the valves in 
the cylinder head. The air then passes 
through an intercooler to the second 
stage. The second stage cylinder is the 
outer and larger of the two concentric 
cylinders as shown at the right hand 
end of the unit. Air from the second 
stage goes through a two-pass inter- 


cooler and returns to the inner of the | 


concentric cylinders previously men- 
tioned, which is the third compressor 
stage. From here, the air passes through 
another cooler and returns to the left 
end of the unit to the fourth stage 
which is concentric with and inside the 


first stage and main scavenging air 
cylinders. The fully compressed air is 
taken from the fourth stage to the re- 
ceiver through’a pressure regulator (to 
be discussed later) and an aftercooler. 


Backtracking a bit, the 2 psi. air 


which we left in the scavenging air 


chamber is used to scavenge the power 
cylinder centrally located between the 
two opposed power pistons which in 
turn are integrally connected to the 
four compressor pistons. The power 
cylinder operates on the two-stroke 
Diesel principle. It has a fuel injector 
in the cylinder wall at its center and 
there is a set of ports in the wall at 
each end of the cylinder, one set for 
scavenging and the other for exhaust. It 
is therefore similar in both appearance 
and operation to the opposed piston 
Fairbanks-Morse diesel engine cylinder. 
Scavenging is uniflow, and the exhaust 
is discharged to atmosphere. 


Free piston devices get their name 
from.the fact that they are not hampered 
by any: such appurtenances as crank- 
shafts, connecting rods, or flywheels. In 
an opposed piston model such as is being 
presented here, the pistons are con- 
nected to each other, but to nothing 
else. About midway between the power 
and compressor ends of each piston, still 
referring to Figure 2, there is a portion 
of each piston that never enters either 
the power or compressor cylinder and 
is thus always exposed within the 
scavenging air chamber regardless of 
the piston stroke position. In this ex- 
posed section, each piston is fitted with 
a yoke. To the ends of the yokes are 
attached gear racks, of which there 
are four in‘all. The racks of one piston 
are paired off with those of the other by 
means of two pinion gears diametrically 


Opposite each other outside the power 


cylinder and within the scavenging air 
chamber. The racks and pinions serve 
to keep the opposed pistons in phase 
with one another and also provide a 
means of driving the lubricating, fuel, 


585 


= 


YOSS3YdWOD YIV NOLSid 3344 


ISd OOO'E 
- NOLONIHLYOM 


| 


x 


a 
8 


MONBAVIS 


| 
7 S 
: 
4s 3 
AS 
2 TAN 
WN 
| 
: 
: 4 
H 
: 
| 
1 
: 
: 
: 
: 
S 
| 586 
4 | 


FREE PISTON COMPRESSOR 


and cooling water pumps, and of actuat- 
ing and timing the fuel injector. 


When properly designed, the free 
piston air compressor has practically no 
vibration since the dynamic and pres- 
sure forces acting on one piston are 
exactly canceled by equal and opposite 
forces on the other piston. However, 
this is an ideal situation which is not 
completely achieved under all condi- 
tions of operation, such as the gradually 
increasing discharge pressure obtained 
as the air charge is carried to comple- 
tion. There is therefore usually a small 
unbalance of forces which is equalized 
between the pistons through the racks 
and pinions. The unbalance is small 
enough however to permit making the 
synchronizing mechanism light and 
comparatively frictionless. 


Having examined what happens when 
the pistons move back and forth, let us 
now see why they do so. Considering 
the cycle to begin with the pistons in 
their inner dead center positions, they 
are forced outward by combustion in 
the power cylinder. The expansion of 
the combustion products provides the 
energy necessary to overcome friction, 
to compress the air in each of the four 
compressor stages as the pistons move 
outward, and to store up kinetic energy 
in the pistons as their outward velocity 
increases. When the exhaust ports are 
uncovered, at about 75% stroke, most of 
the residual energy in the power cylin- 
der is lost to the exhaust, but the pistons 
continue outward until their kinetic 
energy is completely absorbed by the 
work still being done in the compressor 
cylinders and the pistons stop at outer 
dead center. At this point, the compres- 
sor stages cease to discharge air, and 
the air in their clearance volumes be- 
gins to expand, forcing the pistons back 
inward. This inward motion of the pis- 
tons compresses the new charge of air 
in the power cylinder and permits each 
of the compressor stages to take on a 
new supply of air from the preceding 
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stage or from atmosphere. Fuel is in- 
jected into the power cylinder as the 
pistons approach inner dead center and 
the cycle is then repeated. Incidentally, 
it is impossible for the pistons to strike 
each other at inner dead center because 
of the positive cushion supplied by the 
air in the power cylinder. 


A pressure regulator is installed be- 
tween the fourth stage aftercooler and 
the receiver to keep the fourth stage 
discharge pressure at 1600 psi. or 
greater regardless of the receiver pres- 
sure. When the receiver pressure is low, 
air is throttled in passing the regulator, 
whereas for higher receiver pressures, 
the regulator permits an unrestricted 
flow of compressed air. The regulator 
was found to be necessary because the 
cyclic frequency decreases with low 
fourth stage discharge pressures. With 
very low discharge pressures, the unit 
finally stalls due to insufficient energy 
in the compressor clearance air to re- 
turn the pistons near enough to their 
designed inner dead center positions. 
This causes the compressor to stall 
either through improper functioning of 
the fuel injector or because of a misfire 
due to low compression temperature in 
the power cylinder. A fourth stage pres- 
sure of about 1500 psi is considered to 
be the minimum for satisfactory opera- 
tion of the unit, with the 1600 pound set- 
ting of the regulator offering 100 pounds 
of extra assurance against “short- 
stroking.” 


As has been mentioned, there are very 
good conventional air compressors avail- 
able at the present time. Most of the 
users of these compressors are perfectly 
satisfied with their performance, and 
since it is only human to be conserva- 
tive where expenditures are concerned, 
the rush to replace existing compressors 
with free piston models will be any- 
thing but a mad one. This inertia will 
be a tremendous handicap for free piston 
compressors and it will probably be 
quite a few years before they come into 
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anything approaching genera. use. In 
applications where only a small volume 
of comparatively low pressure air is re- 
quired, or where for one reason or 
another diesel engines cannot be used, 
the conventional compressors will prob- 
ably continue in use indefinitely, but for 
most other applications, the free piston 
type should be seriously considered. 


For general use, some of the more 
obvious advantages of the free piston 
compressor are: 

(1) The prime mover and compressor 
are integral, making for simplicity, a 
small number of moving parts, minimum 
vibration, low maintenance, and reduced 
initial cost when produced in volume. 

(2) Since there are no crankshafts 
or connecting rods, side thrust is elimi- 
nated, giving long ring, piston, and 
cylinder life. 

(3) Little or no foundation is neces- 
sary. The unit can be moved from place 
to place or mounted overhead or on 
walls strong enough only to support its 
weight, thus conserving floor space. 

(4) Size and weight are greatly 
reduced. 

(5) It is superior to electrically 
driven compressors since it is unaffected 
by electrical power failure or voltage 
fluctuation. 

(6) Its efficiency is high because of 
its small number of moving parts and 
lack of bearings and because it elimi- 
nates such “middle men” as generators, 
motors, and batteries. 


These advantages are general. For 
specific installations additional advan- 
tages might be cited. A description of 
the operating data of the Worthington- 
Junkers compressor will give an indica- 
tion of its performance relative to 
conventional types and may serve to 
support some of the advantages claimed 
for it. 

(1) It requires about 8 by 3 by 3 
feet and weighs approximately 1200 
pounds, 


(2) Rated capacity is 20 cubic feet 
per hour of air at 3,000 psig. and 80° F. 


(3) Fuel consumption at rated con- 
ditions—17 pounds of diesel fuel per 
hour. 


(4) Normal exhaust temperature— 
670 to 700° F. 


(5) Frequency—750 to 950 cycles per 
minute, increasing with discharge pres- 
sure. 


(6) Stroke length varies somewhat 
with operating conditions but averages 
about 8.5 inches for each piston. 


(7) For each pound of compressed 
air delivered, 3.6 pounds of scavenging 
air are used, of which about 1.5 pounds 
are actually involved during combustion, 
and the remainder cools the exhaust and 
insures complete purging of the power 
cylinder. 


(8) The compressor uses about 0.7 
pint per hour of lube oil for lubrication 
of ten points: each of the six pistons, 
each of two synchronizing gears, and 
the actuating mechanisms for fuel oil 
pump and the lubricator. 


(9) Five gallons per minute of cool- 
ing water are circulated. Figure 3 shows 
the flow of both air and cooling water 
for the whole unit and gives typical 
temperatures for the water and both 
pressures and temperatures of the air. 


(10) About 25% of the energy sup- 
plied in the fuel is actually realized as 
useful work in the delivery of com- 
pressed air, making this a very efficient 
machine indeed. For an electrically 
driven compressor to be compared on 
the same basis, one would have to con- 
sider the losses in say a boiler, turbine, 
generator, motor, and finally the com- 
pressor itself, by which time there would 
be very little of the original energy left. 
While it is recognized that the efficiency 
of a unit requiring only a small per- 
centage of the total power used in a 
large plant is of relatively minor impor- 
tance, nevertheless, it is still an item 
to be reckoned with. 
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Probably the most important item in 
the description of the operation and 
performance of the free piston air com- 
pressor—the method of starting the unit 
—still remains to be covered. Since this 
compressor differs so greatly from most 
other forms of machinery, it has a start- 
ing procedure quite unlike that of any 
other piece of equipment. It is started 
with compressed air, with a 2.5 cubic 
foot flask at 1,000 psi. providing enough 
air for about eight starts without re- 
charging. The flask retains its effec- 
tiveness until its pressure drops to about 
350 psi. 


The first step in starting is to move 
the pistons outward to a position near 
outer dead center. This is done by 
attaching a wrench to the shaft of one 
of the synchronizing pinions. The pis- 
tons are then locked in the outer position 
by a linkage in much the same manner 
as the sear holds the firing pin of a 
rifle. Figure 4 shows how the “sear” 
holds a lug which is an extension of 
the wrist pin of the synchronizing yoke 
at the scavenging end of the unit. After 
the pistons are locked, the wrench is 
removed. 


A two position starting valve supplies 
all compressor cylinders with starting 
air at reduced pressure. In starting, the 
valve is manually placed in position 1 
which supplies the second compressor 
stage with air at slightly less than 400 


STARTING MECHANISM 


Ficure 4. 


psi. This air flows through the inter- 
coolers to the third and fourth stages 
and as far as the previously mentioned 
regulator in the fourth stage discharge 
line. The starting valve is then placed 
in position 2 which begins to supply the 
first stage with air. First stage pressure 
begins to build up until it reaches about 
60 psi. at which time the piston locking 
mechanism is automatically released by 
the plunger shown in Figure 4. Because 
of expansion of air in the compressor 
stages, the pistons fly inward and the 
unit “takes off.” It might be noted that 
on starting, the pressures in the com- 
pressor cylinders are not the designed 
operating pressures and therefore there 
is some end thrust—a maximum of 
about 1450 pounds—on the first stroke 
of the pistons. However, after the small 
fraction of a second required for the 
first few strokes, all stages are operating 
at their normal pressures and from then 
on, end thrust and vibration. are prac- 
tically eliminated. 


The unit can be stopped merely by 
shutting off its fuel supply either man- 
ually, or automatically when the air 
charge is completed or when either pres- 
sure or temperature at any point be- 
comes excessive. 


Cycle frequency depends almost en- 
tirely on the fourth stage discharge 
pressure, increasing about one percent 
for each 100 psi. increase in discharge 
pressure. In addition to frequency, the 
other operating variable which deter- 
mines capacity is the stroke length. Just 
as the discharge pressure was the major 
factor in determining frequency, so the 
amount of fuel injected per cycle has 
been found to be the only factor signifi- 
cance in determining what the stroke 
length will be. Thus, it may be seen 
that, for any discharge pressure above 
that for which the regulator is set, the 
free piston compressor runs at essen- 
tially constant frequency, with the air 
rate controlled by changing the throttle 
setting, which in turn controls the 
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stroke length and hence the amount of 
air taken on and discharged per stroke. 
This is a convenient situation because, 
even if there were a choice, it would be 
much easier to control delivery rate 
through stroke length rather than 
through frequency, since changes of 
stroke have by far the greater effect on 
the volume of air delivered. A 10% 
increase in frequency would give at the 
maximum a 10% increase in air rate, 
with the actual increase somewhat less 
than that amount because of increased 
air velocities, higher valve drops, etc. 
On the other hand, an increase in stroke 
length of ten-percent (assuming suf- 
ficient clearance in the cylinders to per- 
mit the increase) would raise the air 
rate by much more than ten percent be- 
cause of the greatly increased volumetric 
efficiency obtained in the compressor 
cylinders with a slightly longer stroke. 


As was mentioned in the opening 
paragraphs of this article, the original 


Junkers compressor was in use in Ger- 
man submarines during World War II. 
Germany has a brilliant history, at least 
as seen from the scientist’s viewpoint, 
and her technical contributions to ma- 
rine, naval, and in particular, submarine 
development have been outstanding. It 
therefore greatly behooves us to examine 
the particular advantages which moti- 
vated her engineers to use the free 
piston compressor in marine and, more 
especially, submarine installations. 


The first and perhaps most obvious 
advantage is its reduction in size, since 
it occupies about 50% of the space re- 
quired by a comparably rated conven- 
tional compressor with its electric motor. 
No one need argue the merits of any- 
thing which will make additional space 
available in a submarine, and when any 
such extra space is obtained, the sub- 
mariner has learned to make better use 
of it than the average person could get 
from three times the space. 


Since the F.P. compressor has its own 
prime mover, it is not dependent on the 
submarine’s electrical system. This is 
advantageous in several respects. The 
auxiliaryman who operates the compres- 
sor is able to do all required mainte- 
nance and repair work on the whole 
unit without the assistance of an elec- 
trician’s mate. One source of electrical 
ground is eliminated. Probably the most 
important aspect of elimination of elec- 
tric drive is that a battery charge and 
an air charge can be conducted inde- 
pendently of each other. With motor 
driven compressors, the high voltage ob- 
tained during the latter stages of a bat- 
tery charge would be likely to burn out 
the compressor motors if an air charge 
were also in progress. 


Ordinarily, the increased efficiency of 
an F.P. compressor would be a minor 
consideration, but in a submarine, it 
assumes additional importance. During 
wartime, anything that permits a sub- 
marine to remain on station even an 
extra day increases its combat effective- 
ness. The free piston compressor might 
very well do this through the saving in 
fuel it permits. It would also conserve 
some of the energy of the batteries for 
the more important function of provid- 
ing submerged propulsion. 


Prior to the German use of the 
snorkel, the question would not have 
arisen, but now it is important to know 
how the free piston compressor per- 
forms under snorkeling conditions. In 
a nutshell, it can be said that the opera- 
tion of the F.P. compressor is hampered 
by snorkeling, but not as badly as that 
of a conventional compressor. Lest this 
be considered as only a_ half-hearted 
endorsement, let us examine the opera- 
tion of both the conventional and the 
F.P. compressor under snorkeling con- 
ditions. 


As far as the conventional compres- 
sor is concerned, the only difference it 
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notices while in snorkel operation is the 
slight vacuum in the boat. This vacuum 
reduces the compressor capacity mainly 
by the reduced density of the inlet air, 
and secondly because of reduced com- 
pressor volumetric efficiency, since _ it 
now operates over a greater pressure 
differential. Since the first of these fac- 
tors, reduced air density, will by itself 
cause a capacity reduction in direct pro- 
portion to the vacuum in the boat, the 
conventional compressor loses capacity 
at a rate greater than the reduction of 
absolute pressure within the submarine 
while snorkeling. It could therefore 
probably be relied upon for no more 
than 75 to 80% of its normal capacity 
when operating under the largest pres- 
sure reduction likely to be obtained un- 
der extreme snorkeling conditions. 


The F.P. compressor must contend 
with this same pressure reduction at its 
inlet, and at the same time, it has the 
additional handicap of having to dis- 
charge its power cylinder exhaust 
against a higher back pressure than 
would be the case with operation on 
the surface. 


So, at first glance, it might be ex- 
pected that the F.P. compressor would 
suffer an even greater capacity reduc- 
tion while snorkeling than would the 
conventional type. But obviously such 
must not be the case, or the author 
would never have so eagerly brought up 
the subject. Figure 5 shows an indi- 
cator diagram for the first stage of 
compression in both normal and snorkel 
operation. To help bring out the differ- 
ence between the two types of opera- 
tion, the diagram has not been drawn to 
exact scale. First stage discharge pres- 
sure has been assumed to be the same 
for both cases. The “step” in the com- 
pression line is caused by the discharge 
of air into the scavenging air chamber 
during the first part of the compression 
stroke. When snorkeling, the increased 
exhaust back pressure requires a cor- 
responding increase in scavenging pres- 
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EFFECTS OF SNORKELING 


Ficure 5. 


sure. This, coupled with the reduced air 
inlet pressure, means that there will be 
a considerably smaller weight of air sup- 
plied to scavenge the engine from this 
cylinder. However, since the output of 
the main scavenging cylinder is not so 
adversely affected and since it is still 
supplying its total output to the power 
cylinder, there is plenty of scavenging 
air available for satisfactory power cyl- 
inder operation. 


Now on Figure 5, note that at the 
time the scavenging valve is covered, 
the pressure in the first stage is greater 
than it is with normal operation. This 
means that the F.P. compressor dis- 
charges a larger and larger amount of 
compressed air per cycle as snorkeling 
conditions become progressively more 
extreme, which is the opposite to the 
effect obtained in the conventional com- 
pressor. About the only drawback of 
the free piston compressor in snorkeling 
is the reduced scavenging air. There is 
still an adequate amount of air available 
for combustion, but the exhaust tem- 
perature is considerably increased. To 
keep the exhaust temperature from be- 
coming excessive, the flow rate of the 
cooling water can be increased, or the 
amount of fuel injected can be reduced. 
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Another means would be to bleed addi- 
tional scavenging air from the discharge 
of one of the compressor stages. The 
latter two steps would be less desirable 
than the increase of cooling water flow, 
since they would both have the effect 
of reducing the output of the compres- 
sor. 


On the other side of the ledger, one 


slight advantage of the conventiorial”’ 
compressor in a submarine is that ‘it:cati:' 


be used to help revitalize the air in the 
boat during long periods of complete 
submergence. Fresh air is bled into the 
boat from the air banks while the stale 
air is returned to the banks through the 
compressor. There are also times when 
it is helpful to remove built up air 
pressure from the boat by means of the 
air compressor. Minor though these 
functions may be, the fact remains that 
they could not be performed by an F.P. 
unit due to the necessity for eliminating 
its diesel exhaust. Possibly these func- 
tions could be dispensed with; if not, 
some other means than the free piston 
compressor will have to be devised to 
accomplish them. 


The main purpose of this article—the 
introduction of the free piston compres- 


sor—has now been fulfilled, but the pos- 
sibilities for the future of other very 
similar free piston : devices are also 
worthy of mention. ‘With comparatively 
minor changes, the compressor described 
could be made to compress other gases, 
such as refrigerants. Another variation 


' might be used in a ‘puniping station in 


a-natural pipéline. In’ this case, it. 
could: undoubtedly be designed to use as 
a fuel some of the gas it is pumping. 
The compression of any other fluid ex- 
cept liquids might make equally appro- 


“priate use of a free piston compressor. 


The author feels that the inauspicious 
history of the free piston compressor 
during the past twenty years has beer 
due almost entirely to a general lack of 
knowledge not only of its potentialities 
but even of its very existence. The 
radical differences of a new type of 
machinery by themselves should cer- 
tainly prove no handicap in this rapidly 
moving era. So perhaps within the next 
few years the free piston air compressor 
will be accorded its rightful place along 
with other technological developments 
even more radical in nature. It is only 
through acceptance of such changes that 
progress is made. 
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SUMMARY 


The computation of the ice point on the Kelvin Temperature scale is surveyed. 
The standard method of solving the equation of the constant pressure gas 
thermometer is reviewed. 


Consideration is given to an alternate procedure in which — : a = f(T) is formu- 


lated, facilitating the integration of that term. Certain a accrue to this 
method, principally the fact that the work of different observers may be compared 
on a more basic level. 


The ice point is computed for air at one atmosphere. 


I—INTRODUCTION 


The determination of the thermodynamic ice point has held a classic position in 
the field of thermometry. The problem of reducing gas thermometer readings to 
the Kelvin scale has been widely explored in the literature, and at least ninety-six 
determinations of the ice point have been reported. This paper is concerned with 
a method for computing the thermodynamic ice point from data on the constant 
pressure gas thermometer. 
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II—THEORY 


The specific heat at constant pressure and the Joule-Thomson coefficient are 
related through the well known equation: 


Also, from the equations of Ee 


DL INE. £0. 


but: 
av 
hence, 
Integrating between the ice point and the steam point: 


Noting that T, = (100+ T;), and rewriting: 


* ono 


100 V, (100 V,;)T;(T; + 
(t+ 
In practice, v, and v, are carefully determined, and values of » and C, are 
measured in the temperature range between 0°C. and 100°C. For chosen values of 


T,, the function »C,/(t + T;)? is plotted against t, and the integral is solved 
graphically. 


Zemansky! points out that at one atmosphere the term 100 v;/(v,—vj,) is very 
nearly equal to the Kelvin ice point, and that the second term constitutes a correc- 
tion amounting to less than one degree. Three significant figures in the correction 
term are sufficient for most purposes, as an error in the third figure of the correc- 
tion term becomes an error in the sixth figure of the ice point temperature. Hence 
the factor outside the integral may be expressed as_ _(273)?x (373) /100 v,, and 
the solution for T; simplified to some extent. 


The procedures outlined above have sprung Apne practical considerations. Usu- 
ally the Joule-Thomson data and the specific heat data are available as instantane- 
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ous values at specified temperatures. The individual worker has used his own data 
for » and C,, prepared the graphical integration, and reported his own value of the 
probable ice point temperature. 


Attempts have been made to express the effects of pressure and temperature on 
the Joule-Thomson coefficient.» ? These relations are complicated, and, except for 
very narrow limits, are not dependable. However, in the isobaric case, 4» may be 
represented as a simple function in rising powers of T. The specific heat at con- 
stant pressure may be expressed satisfactorily as a power series in T for the 
temperature range under consideration. 


Because » and C, usually contain at ie 


least three terms each, the prospect for / 2 Ha 
algebraic formulation of appears dis- \ Hy / ‘ 
couraging. A more logical solution is to le aN a 
be found by plotting the instantaneous / 
values of the product wC, against tem- 2 
perature, then determining the equation 10 = 
of the resulting curve. This procedure ye 
was tried for three of the gases normally RK 
used in thermometers: nitrogen, air and 0.6 — 
helium. For comparison purposes two St 
0.4 
other gases, argon and hydrogen, were qNTAIR 
also studied. In order to plot the data on 0.2 ae 2 
a single graph the reduced function | l 
° 
(pC,) -40 ° 40 80 120 «6160 
(uCy)o Fig 1 TEMPERATURE, °C. 


was used. The plot of g against t is shown in Fig. 1. 

It is interesting to note that the curves are smooth and continuous, suggesting 
that ~C, and T are related by equations which are not especially complicated. In 
general, the relationship may be expressed with sufficient accuracy by a power 
series in T. From equation (1), the product wC, may be written as: 


(3) A BCT)-+ GET) 24 (6) 
oP T 


The function required for the integrand is then: 


Integration yields: 
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or 
ee: 100 A 100 + T; 
D 
[ 10.000 + 200 7, |} (9) 


The volume occupied by the gas when the thermometer is at the steam point is 

given by: v, = v; (1 + 100 a), where a is the mean coefficient of thermal expansion 
> 1 

between the ice and steam points. Noting that v; = —, the left hand member of 


Po 


equation (4) may then be written: 
Po 100 Ti T, 


Substituting this in equation (9) gives: 


1710+ T) T, 


For a given thermodynamic gas, the constants A, B, C, D, a, and p, are known. 
As a result, T; is the only unknown in equation (10). The algebraic solution of 
(10) is inconvenient; a better method would be to transpose the equation setting 
it equal to zero, assume values of T,, and plot the residues. The ice point tem- 
perature is then taken as that for which the residue is zero. 


III—CONCLUSIONS 


(1) As the product pC, is simply related to temperature between the ice and 
steam points for the media used in gas thermometers, it is possible to formulate 
a = f(T). Integration of this term is not difficult; the resulting equation being 


unique in 


(2) The advantage of this method lies in the fact that 4C, data may be evaluated 
when »C, = f(T) is formulated. The work of many observers may be assessed at 
this point, and it is probable that such comparisons of »C, data could lead to a value 
of the ice point temperature which would be more acceptable than that obtained 
by averaging the ice point values of the separate workers. 
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IV—APPLICATION 


To illustrate the technique described in the theoretical discussion, the ice point 
has been computed from data on the constant pressure air thermometer. Joule- 
Thomson data were obtained from the work of Anderson,‘ Hausen,® and Roebuck- 


9) Murrell.6 As a check, the Beattie-Bridgeman* equation was differentiated and 
substituted in equation (2b). The three experimental sources of » data were multi- 

tn plied by C, values taken from the latest Bureau of Standards tables.® 

on 


The instantaneous values of »C, were plotted against temperature as shown in 
at Fig. 2. The data were found to satisfy the equation : 


= 22.5467 — 147.432(10)-8(T) + 357.733(10)-*(T)2 — 307.553(10)-*(T)* 


This expression was divided by (T)? is 
and integrated to give the left hand side i: | 


of equation (10). Solving by the residue 
method gave an ice point temperature of 
273.144° Kelvin. Although this value is 
lower than the currently accepted ice 5.0 BRIDGEMAN = 
point (273.165° K) it is within the range ° 

of some of the recent experimental data. ° oe 

In the table below, some of the recent ice 

0) point values are compared :® 


Observer Date Ice Point ‘\ 


Keesom 1927 273.118 
Heuse 1926 273.130 
ng - Keesom 1933 273.147 
sd Heuse 1929 273.138 
Kinoshita 1937 273.188 


C.C. PER GR. 
ow 
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The choice of propelling machinery 
for the replacement of the ineffective 
mercantile tonnage, prevalent during 
this peacetime, refer in the most part to 
the oil engine and the geared steam 
turbine. Observing the world naval 
output it is not difficult to foresee that 
in the near future the motor ship will 
reach the position which was for so 
many years previously held by the recip- 
rocating steam plants. 


The valuation of the technical odds 
concerned in this or that engine is not 
to be made here for discussion purpose. 
Furthermore, it is known that the best 
thermal efficiency of the motor vessel 
is commercially reduced in relation to 
current boiler fuel and diesel oil price. 
If in the past, diesel oil was almost uni- 
versally adopted, today marine diesel 
plants capable of replacing steam plants 
with the same bunker fuel are desirable, 
and world-wide technical ‘publications 
advise the shipowner to operate their 
motor vessels on boiler oil to effect a 


saving in the fuel bill of between 20 
and 35 percent. The reason for this 
policy is the commercial situation, be- 
cause the ever-increasing demand for 
light fuel for land purposes, not only 
increases the price, but will confront the 
Oil Administration with difficulty in 
supplying the market, especially if, be- 
cause of the replacement of obsolete 
steamships by new motor vessels, the 
actual residual demand should fall. En- 
gineering progress has apparently failed 
to foresee this situation since modern 
oil engines are more sensitive to fuel 
quality than those built some 25 years 
ago. Nevertheless several motor vessels 
are satisfactorily running with the fuel 
sold as Bunker “C” Grade and the 
technical departments of the ship- 
owners concerned have already pub- 
lished their experimental data and the 
improvements devised to attain this aim 
with the existent vessels. For new con- 
struction, as far as I am aware, a design 
of motor vessel exclusively specified to 
burn residual fuel is still desirable. 
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To discuss the main problems that 
such a design must overcome it is use- 
ful to confront the basic requirement for 
acceptable fuel for diesel use (condensed 
in the following six perquisites) with 
the deficiencies of a lower grade bunker : 


(a) Diesel fuel must be capable of 
being pumped at winter tempera- 
ture without preheating. 


(b) Must not contain water or sedi- 
ments. 


(c) Must not cause deposit on injector 
nor in combustion chamber. 


(d) Must not contain corrosive im- 
purities, nor produce them as 
products of combustion. 


(e) Must not cause sludging of lu- 
bricating oil. 


(f) Must ensure easy starting under 
winter weather conditions.* 


(A) When the fuel shipped is of 
high viscosity, steam coils in the fuel 
tank are needed. Since it is the modern 
usage to store the oil in the hull’s 
double bottoms, heating is not easily 
attained by the modest steam generators 
usually fitted on motor vessels, owing 
to dispersion though the bottom which 
is surrounded by a wide wall between 
fluids having different temperature. To 
minimize such dispersion of heat, the 
double bottom tanks of a motor vessel 
built to run on boiler oil should be 
designed like the “compensatign tanks” 
of some war vessels, where the suction 
is placed in the top, the level being 
maintained constant by replacing the 
consumption with sea water. This allows 
heating only of the upper share of the 
tank with less dispersion on account of 
the insulating effect of the lower liquid 
strata. Besides this, the natural possi- 
bility of containing fuel or water bal- 
last as well in the same double bottom, 
is profitable for the autonomy and the 


stability of the ship, avoiding the trou- 
bles experienced with common plants 
when nautical exigencies require the 
filling of empty oil reservoirs with 
water. 


(B) The residual fuel is specified 
with a sediment tolerance not acceptable 
for Diesel use. The purification tech- 
nique is well improved in the marine 
industry, but for boiler oil treatment the 
solid impurities separated may be of 
such a degree to make this process diffi- 
cult by self-cleaning separators, espe- 
cially when in rough seas the oil shakes 
up the settled sludge into the supplying 
double bottom. In the plant proposed in 
(A) above, the sludge deposited in the 
tanks cannot reach the suction pipe in 
heavy seas. Even so, settling tanks, 


_ with steam coils, are always essential to 
relieve the purifiers. 


The method of 
purification by washing with a proper 
dosage of warm fresh water, mixed with 
the oil when being delivered to the 
separator, in order to remove every 
soluble impurity (e.g., sodium chloride) 
is to be recommended also if a further 
drying up is necessary. 

(C) The common means to have 
effective boiler oil combustion in Diesel 
cylinder is to raise the temperature as 
near the flash point in relation to vis- 
cosity, by a steam heater fitted on the 
inlet pipe near the fuel pump; but the 
solution should be such that the oil has 
the required physical properties when it 
enters the atomizer body as occurs in 
the Cummins injection system. The ap- 
plication of this technique in propelling 
engines will avoid the trouble of oil 
temperature failure that occurs in the 
piping from fuel pumps to fuel valves, 
thus heating will be needed only as a 
standby and only at lower levels at full 
power. 

The fuel heating equipment for diesel 
must be a very suitable one regarding 


* Fuel for ay Diesels, by Rear Admiral H. G. Bowen. Journat A.S.N.E., vol. 49, 


Aug. ’37, page 4 
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safety and must ensure thermostatic 
control of delivery however the con- 
sumption varies. A steam heater will 
scarcely fulfill the thermostatic condi- 
tion while electric resistor heater in- 
creases the risk of oil cracking; this 
leads to the proposal (to be confirmed 
by experiments) of an electric heater 
with the resistor elements surrounded by 
a watertight jacket of distilled water, 
with steam dome of wide surface, radi- 
ating the heat to the oil. Each variation 
of temperature of the fuel is propor- 
tional to the variation of pressure in 
the steam jacket, a pressure switch 
which controls the power to the resistor, 
by solenoid contractor, can be set to keep 
the temperature at required value. 
Where steam coils in the fuel daily serv- 
ice tank are fitted, the kW. spent for 
this purpose should not affect the gene- 
rator’s load. 


(D) With reference to the damage of 
corrosive impurities of products of com- 
bustion in the 4-stroke engine, the chief 
attention is due to the exhaust valves 
which are more liable to experience the 
blow pipe effects ; in 2-stroke engines an 
excessive cylinder liner wear is to be 
expected. To make this engine capable 
of operating on heavy fuel oil, the 
cylinder gears must be corrosion proof. 
Since chrome hardened cylinder liners 
have 12 years of background, it is desir- 


able that this improvement extend to the 
2-stroke engine designed for boiler oil. 

(E) On residual fuel performance an 
increased amount of contamination of 
the crankcase oil due to the blow-by of 
combustion sludge is experienced. The 
engine with a partition between the 
cylinder in the crankcase with a stuffing 
box through which the piston rod 
passes, is insensitive to fuel quality, be- 
cause no products of combustion can 
reach the lubricating oil. 

(F) The method of starting and 
maneuvering the engine on light fuel 
and shifting to boiler oil at full power, 
requires a double fuel system and an 
increase in the construction bill. In the 
motor vessel where bunker “C” is 
shipped for every purpose no starting 
trouble has been recorded, the preheat- 
ing of the circulating system of cylin- 
der’s jacket is recommended. 

Every development in the perform- 
ance of motor vessels on boiler fuel is 
worthy of attention. The sea trade 
economy is an important factor in rais- 
ing the standard of living of mankind. 
Nevertheless the engineering staff still 
has some reasons for skepticism. This 
comment has been written with the hope 
that the discussion upon the innovations 
personally devised may be profitable and 
encourage a complete study by authors 
who are interested. 
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rleans, 


I am pleased indeed to meet with 
fellow members of the Society of Naval 
Architects and Marine Engineers in 
New Orleans, one of the great historical 
cities of the South, famed for its unique 
atmosphere and for its unusual accom- 
plishments. The gulf states have con- 
tributed mightily to our national defense, 
and in Wor.d War II particularly, they 
participated in the fullest measure to 
America’s marvelous record of ship- 
building. 


Because of the selective membership 
of this Society, there exists among us 
a spirit of friendship and of pride, prob- 
ably because under our national economy 
over the past 50 years at least, people 
who have devoted themselves to ship- 
building have eked out a rather pre- 
carious living. Yet shipbuilding and 
ship operation are a substantial part of 
the life blood of our country—not only 
as the key to our national defense in 
time of frequent need, but also in 
normal times when foreign trade con- 
stitutes the difference between prosperity 
and lack of it. Too bad, isn’t it, that 
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for some strange and unusual reason 
shipbuilding in our country is treated 
like a fire department, except that it 
isn’t maintained well between fire 
alarms? If I may paraphrase Kipling: 
God and the Shipbuilder we adore 
In time of danger, not before; 
With the danger past, and all things 
righted, 
God is forgotten and the shipbuilder 
slighted ! 

All of us who participate in any man- 
ner in the construction of ships have a 
right to be proud of our association 
with the ancient and honorable craft of 
shipbuilding. Without ships and ship- 
ping no nation in history ever attained 
and retained greatness. The prosperity 
and well-being of nations and empires 
have always been intertwined with the 
accomplishments of shipbuilders and 
sailors. 

Now as to ships, of all the compli- 
cated machines built by modern man, 
none can stir the emotions and the 
imagination as can the completed ship 
with her power, her grace of line, and 
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her air of far-off places and stirring 
events. Nearly 100 years ago the poet 
John Ruskin termed a ship of the line 
“the most honorable thing that man, as 
a gregarious animal, has ever produced.” 
“Into that,” said Ruskin, “he has put 
as much of his human patience, com- 
mon sense, forethought, experimental 
philosophy, self-control, habits of order 
and obedience, careful patriotism, and 
calm expectation of the judgment of 
God, as can well be put into a space of 
300 feet long by 80 broad. And I am 
thankful to have lived in an age when 
I could see this thing done.” So said 
John Ruskin long before the newer in- 
clusions of radio, radar, sonar, gadgets 
and gimmicks of every description and 
complexity. Truly a ship is a marvelous 
thing! I hope that all of you will seek 
the opportunity of visiting the great 
new passenger liner United States. She 
is by all odds the finest ship of her 
type yet built, and a great tribute to 
American ingenuity, as reflected by her 
designer and her builder. 


Shipbuilding has become one of the 
most complex industries of a bewilder- 
ing, industrial society. Wezare all pro- 
fessional shipbuilders or associated with 
shipbuilders, and we can profitably dis- 
cuss our problems only if we consider 
the hard facts of today, rather than 
linger over the romantic episodes of the 
past. 


Shipbuilding in the United States has 
been of late years a lagging and falter- 
ing industry, perhaps a fitting heir to 
an uneasy past. One hundred years ago, 
our industry was building the sharp- 
prowed, tall-masted clipper ships with 
which American operators dominated 
the commerce of the high seas. 


American shipping went into a decline 
about 1855, when the clipper ships were 
at the height of their prosperity. The 
advent of the steamship is often cited 
as the cause, but the whole story forms 
a complex pattern. Other countries 
started to pour heavy subsidies into 


steamship lines. The War Between the 
States gave foreign operators a chance 
to get a strong grip on the best world 
trade routes. And when the war was 
over, America’s interest turned west- 
ward to the challenge of building and 
developing a new continent. Capital as 
well as manpower was attracted to new 
forms of enterprise in the interior. This 
was the Indian-fighting, not the sea- 
faring, era of American history. 

The eventual result was that by 1914, 
foreign ships were carrying more than 
CO percent of American foreign trade. 
And when Europe plunged into war 
that year, their ships were withdrawn 
from world trade, American goods piled 
on our wharves because the foreign 
ships we had depended upon no longer 
were interested in our business. 

We started a hasty shipbuilding pro- 
gram that was not only expensive but 
was begun too late to be of any real help 
to us during the war. When war ended, 
national interest in American shipping 
almost disappeared and our yards lan- 
guished once more. While the ship- 
yards of the world built nearly 18,000,000 
tons of shipping of all kinds from 1922 
until 1932, the United States contrib- 
uted only 5% of that total, and not a 
single ton did we build for dry-cargo 
foreign trade. 

This paucity of performance was in 
spite of the fact that the principle that 
a merchant marine is necessary for an 
adequate national defense had been rec- 
ognized and put on paper in the Mer- 
chant Marine Acts of 1920 and 1928. 
But the assistance provided through 
government construction loans and mail 
subsidies failed to foster a shipbuilding 
program. The Merchant Marine Act of 
1936 replaced this form of assistance 
with direct help in the form of construc- 
tion and operating subsidies. This act 
served to get construction started on an 
initial 50-ship program in 1937. Even 
so, the industry as a whole was still in 
the doldrums when this country started 
to rearm in 1939. 
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Yet the shipbuilding industry re- 
sponded to the World War II crisis 
with the greatest accomplishments in 
maritime history. In 1938, the industry 
was creaking along with only a handful 
of ships on order. In three years from 
1942, it built over 1000 naval ships and 
nearly 5000 merchant ships. No wonder 
shipbuilding has been called a feast or 
famine industry in our country! 

It is sad to realize that from the 
heights of 1945 the industry was allowed 
to drop back to the famine stage again. 
Five ships a day were built at the peak 
of the wartime effort. A year later our 
shipyards were nearly idle. By 1948, 
less than three ships a month were being 
built in this country. The empty ship- 
ways were rotting away and the skilled 
shipbuilders had drifted off to other 
industries. 

I wonder if we can point exclusively 
to sources outside the shipbuilding in- 
dustry when we try to account for its 
frequent anemic condition. Perhaps part 
of the blame rests with the industry it- 
self. Individually, American shipbuilders 
are energetic and know their business, 
but apparently many of them would 
rather hang separately than hang to- 
gether. If it is cohesion that is lacking, 
would it not be a boon to a great nation- 
wide industry if that industry could act 
and speak with a single voice on general 
shipbuilding matters as an industry es- 
sential to the country’s welfare. I be- 
lieve it is true that this great Society 
of Naval Architects and Marine Engi- 
neers has done more than any other 
organization to develop and maintain a 
spirit of pride in and devotion to the 
shipbuilding craftsmanship of America. 
But a technical organization is not 
enough. 

At this point, I want to explain why 
I, a naval officer, am spending so much 
time in discussion of merchant ship- 
building and shipping. Basically, it is 
this: Not only is the Merchant Marine 


a veritable fourth arm of defense in its 
own right, but a healthy peacetime ship- 
building industry is indispensable to 
national defense. A nucleus of active, 
prosperous private shipyards is the base 
upon which the Navy must rely for 
emergency shipbuilding in case of mo- 
bilization. Without a healthy shipbuild- 
ing industry, America’s mobilization re- 
serve could be fatally deficient. 

America leads the world in the pro- 
duction of steel and machinery and 
other industrial products. In merchant 
shipbuilding we rank fourth. We trail 
behind Great Britain, Sweden and Ger- 
many. Close behind us are Holland and 
Japan. Why do we have such a dis- 
paraging comparison? Principally be- 
cause foreign governments have long 
recognized their merchant fleets as in- 
struments of national policy and national 
prosperity, and have subsidized them 
heavily. The foreign ship operator has 
far more to gain and far less to lose 
than his American counterpart. 

The result of the various and com- 
plex circumstances which seem to pre- 
vail has brought few rays of sunshine 
to American shipbuilders and operators. 
It is not a pleasing prospect for any- 
one trying to plan for America’s long- 
range future on the seas. Here are 
some of the facts: 

During 1951, only 38 percent of 
American export cargos and 40 percent 
of our imports were carried in American 
bottoms. 

The only sea-going dry-cargo vessels 
now under construction in the U.S. are 
the 35 Mariner-class ships being built 
for the Maritime Administration. But 
that seems to be the end of this par- 
ticular program inasmuch as the present 
Congress is not authorizing or appro- 
priating for additional ships. 

In foreign shipyards, over 800 modern 
dry-cargo vessels are now under con- 
struction or on order for foreign-flag 
shipping operators. 

Also in foreign yards, 178 vessels, in- 
cluding 46 dry-cargo vessels, are now 
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being built for American or affiliated 
interests. All of these vessels will be 
registered under foreign flags when they 
are completed, and will be manned by 
crews of foreign nationality. Most of 
them will be registered in Panama and 
Liberia, but used in the foreign com- 
merce of the United States. 


Fortunately, the latter vessels are not 
lost to the United States for national 
defense purposes. They may be requi- 
sitioned by this country during an emer- 
gency if they are owned by United 
States citizens. 


Throughout the world, 140 passenger 
or passenger-cargo vessels are under 
construction or on order for foreign flag 
shipping operators. In comparison, only 
one passenger liner, the United States, 
is under construction for an American 
shipping operator. Not a single ocean- 
going passenger vessel is on order in 
this country. 


The general condition of the Ameri- 
can passenger-carrying fleet is indicated 
by the fact that, in 1939, 131 passenger 
and combination passenger-cargo ves- 
sels were in operation under the Ameri- 
can flag. They had a capacity of over 
38,000 passengers. Today’s passenger 
and combination fleet has only one- 
fourth this many vessels, with only 30 
percent of its pre-war passenger capacity. 


This state of affairs in the American 
merchant marine is directly reflected in 
the condition of our private shipbuilding 
industry, which has been limping at a 
fraction of its maximum capacity. At 
the beginning of the current calendar 
year, the United States shipbuilding and 
ship repair industry employed in pri- 
vate shipbuilding and boatbuilding and 
repair yards only about 111,000 produc- 
tion workers on the payroll. This total 
included those employed on the naval 
program, and the total is less than 20% 
of the capacity for normal operating 
conditions for efficient production. 


It is taken for granted that commer- 
cial shipbuilding must be the backbone 
of America’s shipbuilding industry, but 
private yards have also come to depend 
upon a certain amount of naval work. 
It is fitting that private firms should 
participate in naval work to the great- 
est degree possible. Moreover, it is 
necessary that the Navy assume some 
portion of the responsibility for main- 
taining the basic health of an industry 
upon which it relies so heavily in time 
of mobilization. 


Naval shipbuilding programs since 
the war have been relatively modest. 
We have tried to distribute the work 
of these programs in a way that would 
be of most benefit to private shipbuild- 
ers. Probably one of the most frequently 
used terms in my vocabulary since be- 
coming Co-ordinator of Shipbuilding 
for the Department of Defense, has been 
the expression, “broadening the base of 
shipbuilding procurement.” We want 
to spread the work to as many operating 
shipyards as possible, in order that there 
shall be a firm base for rapid expansion 
if the need arises. This doesn’t mean 
that I stand like an all-powerful Jupiter 
on his mountain-top, dispensing con- 
tracts where I think they will do the 
most good. The Bureau of Ships does 
its business with. the taxpayer’s dollar 
in mind. We are trying to buy quality 
ships at the lowest possible cost to the 
government. This has meant competi- 
tion as the determining factor in award- 
ing contracts. We do not wish to allo- 
cate ship contracts because allocation 
almost always introduces contractural 
problems and means higher prices, as 
we found out in World War II. 


We also feel that the best kind of a 
contract is a fixed-price contract. We 
use a fixed contract whenever we have 
assurance that the price is right. We 
avoid where possible, the so-called cost- 
plus and flexible type contracts because 
we feel the fixed-price provides the best 
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incentive to a producer to get: the job 
done on time. We are highly pleased 
with the results we have obtained 
through our procurement methods. We 
have obtained good prices. We have 
also realized what we feel is a reason- 
able geographical distribution: of our 
work. 


We are pleased that a considerable 
amount of the work will be done it’ the 
excellent facilities of the Gulf Coast 
region. It is estimated that less than 
ten percent of the U.S. shipbuilding 
capacity is located in this area. Yet, 40 
of the 289 naval vessels contracted for 
since 1 July 1950 are being built by 
yards in this area. 


One hundred seventy (170) of the 
841 Army and Air Force vessels con- 
tracted for during this period are also 
being built by yards in this area. 


The Ingalls Shipbuilding Company of 
nearby Pascagoula, Mississippi, is now 
working on four landing ships, dock, 
for the Navy. These are good-sized 
ships, with an over-all length of 510 
feet, and of 6500 tons displacement. 
They are of slightly different design 
than the World War II LSD, and will 
take advantage of some of the lessons 
of that conflict. The Ingalls Company 
will handle the design work as well as 
the actual construction on these vessels. 
This yard is also building a newly de- 
signed icebreaker and several LST’s. 


Ten minesweepers, seven” 100-foot 
tugs, 32 65-foot carge%passenger boats, 
and many barges are: included in the 
work underway at the Higgins Yard 
here’ in New Orleans, and Avondale 
Marine Ways at Westwego has con- 
tracts for construction of a number of 
barges, 29 tugboats and three patrol 
craft. Lighters and barges of various 
types are being built by the Hub City 
Iron Works in Lafayette 4nd a Du Pont 
Yard at Morgan City:‘Along' the nearby 
Texas “coast, the Burtori’ Construction 
and Shipbuilding Company of Port Ar- 
thut ‘and a Du Porit*Yard in Houston 


are also working on barges and lighters. 


At Port Houston, Texas, the Port 
Houston Iron Works is building eight 
LSU’s and several lighters. 


About $2,400,000,000 is being spent 
under the 1951 and 1952 shipbuilding 
and conversion programs. Seventy per- 
cent of this amount will be spent for 
ships to be built in private yards. Fifty- 
nine shipyards in all parts of the United 
States now have contracts for the con- 
struction and conversion of vessels for 
the Navy or foreign military aid. The 
number of shipyards rises to more than 
100 when the small craft and small boats 
are included. 


The Bureau of Ships also assigns 
considerable repair work to private 
yards. Many Naval vessels, as well as 
the commercial type ships of the Mili- 
tary Sea Transportation Service, are 
repaired in private shipyards. During 
the calendar year 1951, more than 
$86,000,000 was spent for overhaul of 
Naval and MSTS vessels under contract 
in private shipyards. The figure for 
1952 is expected to run as high or 
higher. 


Our 1952 program has stirred con- 
siderable shipyard activity in all parts 
of the country. Both large and small 
yards are participating. But it now ap- 
pears that the 1953 program will be a 
modest one, perhaps only a third of the 
1952 program in money value. There- 
fore, we cannot anticipate further ex- 
pansion of our shipbuilding procure- 
ment base, and in fact we shall not be 
able to sustain it. However, we feel 
that the contracts we have awarded thus 
far have put the major operating yards 
in a position to give us a good and 
greatly improved mobilization base. 


It has been our practice and policy 
to award contracts only to yards already 
in operation. We have not encouraged 
reopening of idle yards on the expecta- 
tion of Naval work. The yards now 
performing our work were going con- 
cerns at the time the current naval ship- 
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building program began about two years 
ago. We hope that enough Naval work 


will be: available to supplement their . 


commercia]l:.work in order to sustain 
them at their present level. Obviously, 
this will require an increased flow of 
commercial work. 


Now, in review: I have pointed out 
how this industry operates at a disad- 
vantage in competition with foreign 
operators. The Merchant Marine Act 
of 1936 was intended to be part of a 
bold and daring plan to restore Ameri- 
can merchant ships to their rightful 
place in world commerce. It set up a 
system of subsidies for building and 
operating ships, designed to bridge the 
gap between the costs of American and 
foreign building and operation. This 
Act resulted in the start of considerable 
construction just prior to World War 
II. The industry which had been flat 
on its face was enabled to rise to one 
knee, at least, before undertaking its 
part in the tremendous task of saving 
the nation in World War II. 


The years since the war have shown 
that the Act of 1936 has not been able 
to do the job for which it was intended. 
The subsidy laws have run up against 
so much confusion and inconsistency of 
interpretation that they no longer offer 
inducement sufficient to get ships built. 
In 1947 the government did its best to 
urge private operators to build new pas- 
senger vessels for the depleted American 
passenger fleet under the terms of the 
Act. The result was contracts for only six 
vessels, three of which have been taken 
over by the Government, thus leaving 
only three to be added to our Merchant 
Marine. 


It is clear that the national interest 
demands a program that will encourage 
private enterprise to build passenger 
ships and cargo ships in an orderly 
regular manner that will ensure a stable 
industry and will eliminate the night- 
mare of block obsolescence now facing 
our Merchant fleet as well as our Navy. 


This,-program would be costly, but it 
is a cost that we can well afford when 
we consider what is at stake. When 
viewed in the light of our responsibili- 
ties of world leadership and our national 
program of subsidies for other purposes, 
the cost of an adequate merchant ma- 
rine takes on minor proportions. 


During the 16 years since the enact- 
ment of the Merchant Marine Act of 
1936, shipbuilding subsidies have cost 
the government $377,000,000. 


Yet, to support the price of Irish 
potatoes alone, the Federal Government 
spent more than $477,000,000 from late 
1933 until 1951. Supporting the price 
of peanuts came to $83,000,000 during 
the same period and supports for grain 
sorghum totaled $38,000,000. During 
this period, the total loss to the govern- 
ment through support of agricultural 
prices was more than $981,000,000. This 
does not include the wartime program 
of direct subsidies, which cost more 
than two billion dollars. 


During the average peacetime year, 
we have spent nearly three times as 
much money to support agricultural 
prices as we have spent to encourage 
the building of an adequate, up-to-date 
merchant marine. 


I do not mean to imply disapproval 
of the farm support program. A healthy 
agriculture is certainly necessary to the 
country—but so is a healthy Merchant 
Marine. We must preserve a balance. 
A diminishing Merchant Marine does 
not appear consistent with an expanding 
interest and commitment in international 
affairs. 


I am not asserting that by spending 
money we can insure security in any 
field. But I am stating that the Ameri- 
can Merchant Marine, and the ship- 
building and repair industry which is a 
part of it, are vital to the existence and 
prosperity of this country. They are 
basic national resources, for peace and 
for war. As such, their needs must be 
considered in any program that seeks to 
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insure the long-range welfare and 


security of our nation. 

In a world whose surface is 70% 
water, and always will be, and wherein 
American influence and trade must pre- 
dominate, seapower is not only neces- 
sary, it is mandatory. So today, more 


than ever before, we should heed the 
formula of Admiral Mahan: “Sea power 


‘equals naval vessels plus bases plus mer- 


chant vessels.” Thus the state of the 
Nation today, and always is tremendous- 
ly affected by the condition of its ship- 
ping and shipbuilding! 
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THE NUMERICAL SOLUTION OF 
UNSTEADY-STATE HEAT CONDUCTION 
PROBLEMS BY THE METHOD OF 
CRANK AND NICOLSON 
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The numerical solution of unsteady- 
state heat conduction problems has been 
largely limited, until recently, to the 
method described by Emmons and Dusin- 


berre.1 This numerical procedure, al- 
though of great utility, in many cases 
requires a prohibitive amount of com- 
putation. The reason for this difficulty 
is that, for a particular set of physical 
circumstances, there is a definite upper 
limit placed on the size of time step per- 
mitted. If this limit is exceeded, the 
solution may become unstable and fail 
to converge. It is the purpose of this 
paper to review briefly a different meth- 
od of numerical solution which is not 
subject to the same limitation on the 
size of the time step, and to indicate 
how the method may be applied in the 
engineering analysis of a few typical 
transient heat transfer problems. Al- 
though this discussion is primarily con- 
cerned with heat transmission, it is be- 
lieved that this mathematical method 
will prove to be useful to workers in 
other fields of engineering design, such 


as for fluid flow calculations and for the 
study of electrical transients. 

As an introduction to the subject, we 
may consider the equation for one- 
dimensional heat flow through a homo- 
geneous solid without internal sources 
or sinks: 


The Emmons-Dusinberre procedure re- 
sults in the replacement of these partial 
derivatives by certain finite difference 
ratios, so that at a point in the body, the 
difference equation would be 


(Ax)? 


(2) 
where @m,n refers to a temperature ex- 
cess at a point mAx distant from the 
point x = 0 and nAt later than the time 
chosen as zero time. Throughout this 
discussion Ax and At denote finite incre- 
ments of length and time, respectively, 
while @ represents the thermal diffusiv- 
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ity of the material. Equation (2) may 
be solved for the future temperature 
at a point: 

+ (M—2)6n,n + 


M 
(3) 
2 
where M = 
adt 


Now we may write one such equa- 
tion for every point in the space sub- 
division and, with a set of initial tem- 
peratures 0,,, (m= 1,23, ..... 
the later temperature distributions @,,,, 
+ + ++» May be computed for 
each of the p points. It is seen that al- 
though this results in p algebraic equa- 


tions in p unknowns, each equation is 


explicit in one future temperature, with 
everything else in each equation being 
known. Hence, the solution of the equa- 
tions at each time step is simple and 
fairly rapid, although the number of 
time steps may be very large, as will 
be shown later. However, it is well 
known? that these equations may be ex- 
pected to oscillate unless M=2, so if 
the space subdivision is small, the 
amount of computation with this method 
may prevent its use. Incidentally, the 
often-used Binder-Schmidt graphical 
analysis is just a special form of this 
method with M=2. This results in each 
future temperature becoming a simple 
average of the present temperatures at 
adjacent points. Equation (3) becomes, 
with M=2, 


At ~2(Ax)? 


(max) 


This equation may be rearranged to 


+ 


Om, n+1 = 2 


To insure a stable solution, however, 
one usually chooses a somewhat larger 
value than two. 

J. Crank and P. Nicolson* have de- 
scribed a different method of evaluating 
numerical solutions of an equation of 
the type 
where 
q’’ (x) = known heat generation rate 

per unit volume at some ref- 
erence temperature. This rate 
is seen to depend on location. 


p = density of the solid. 
c = heat capacity of the solid. 
A =a constant. 


(It will be seen that since the heat 
generation term in equation (4) is de- 
pendent on the temperature, no addi- 
tional difficulty is introduced by tem- 
perature dependence of the density and/ 
or heat capacity.) The equation (4) is 
subject to a given initial temperature 
distribution throughout the body and to 
heat transfer coefficients at both sur- 
faces which are assumed to be known 
functions of the temperature excesses 
at those surfaces. 

The method consists of replacing the 
space and time derivatives at the point 
[mAx, (n+ %) At] by finite differ- 
ence ratios as follows: 


(4) 


+ m+1,n+1 + Om-1,0 2(Om,n+1 + | 


nt (5) 


Oasis + ints + Brie ts + + 20m,n(M — 1) 


M At 
+ pe 


2(M + 1) 


(mAx)e?4/8 mn nei * (6) 
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It is seen that this equation, as with (3), 
above, leads to as many simultaneous 
equations as there are points in the phy- 
sical subdivision. However, unlike those 
previously described, these may not be 
solved explicitly for each future tem- 
perature, because the heat generation 
term is also dependent upon the future 
(unknown) temperature. In a numerical 
example, the authors show that the 
equations may be solved fairly readily 
at each time step by an iteration proce- 
dure. 


The importance of this method lies in 
the tendency of the finite-difference sub- 
stitution which Crank and Nicolson used 
to damp out errors, i.e., the solution is 
stable even when the M-values are less 
than two. Although the general proof 
of this contention apparently does not 
exist, those authors have demonstrated 
this fact for the simple case without 
heat generation, and empirical corrobo- 
ration is available for a number of 
other cases. 


To illustrate the use of the method, 
and to compare its results with those of 
the explicit-type numerical solution, we 
may select the simple example of one- 
dimensional heat conduction in a homo- 


geneous solid, which is described by the 
partial differential equation (1). Sup- 
pose the heated body is two feet in 
length, of unit area perpendicular to the 
direction of heat flow, and initially at 
the same temperature throughout; i.e., 
$m,o = 0 for all m. Let the temperature 
of both end faces be raised suddenly and 
held constant at 6,.,, = 100 F. for all 
n>0. The analytical solution to this 
problem is given by Carslaw and 
Jaeger* and is shown for comparison by 
the curves in Figure 1. 


Instead of obtaining the finite differ- 
ence equations from equation (1) by 
the substitutions shown in equations (2) 
and (5), let us use the physical reason- 
ing employed by Dusinberre. This meth- 
od of derivation is much more satisfy- 
ing, and it also gives a valuable insight 
into the mechanics of the techniques 
which we are studying. 


Figure 2 shows one-half of the body 
just described, from the plane of sym- 
metry to one heated face. Subdivide as 


shown, with half-blocks of length 


at each surface, and with interior blocks 
of length Ax. Write a heat balance on 
the first half-block, shown in Figure 2. 


heat stored per unit time = heat from block 1 


or Bo,n+1 


20,00 


M (7a) 


Similarly, a heat balance on the first full block would be expressed as follows: 


or = 


(7b) 
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40 
1 HOUR 
HOUR 


0.2 0,4 0.6 0.8 1.0 
DISTANCE FROM PLANE OF SYMMETRY, FEET 
© CRANK-NICOLSON SOLUTION 
¢ DUSINBERRE SOLUTION 
@ COINCIDENTAL POINTS OF BOTH SOLUTIONS 


Ficure 1—Temperature distribution in a homogeneous solid at various times after surface 
temperature is increased by 100 F. 


TEMPERATURE ABOVE INITIAL TEMPERATURE, 9, DEGREES F 


1 FT 
PLANE OF SYMMETRY SURFACE -—— 


Ficure 2—Physical subdivision for numerical solution of unsteady-state heat conduction 
problem in a homogeneous solid. 
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and so on for each of the future tem- 
(8,0,n is held at 100 F. throughout the 
problem.) These equations are seen to 
be identical with those obtained by the 
finite difference substitution into equa- 
tion (1) (of equation (3)). 


If a=02 ft?/hr, and we choose 
(Ax)? _ 
Ma 


0.0125 hrs. Hence, if we wish to find 
the temperature distribution after five 


M =4, it is seen that At= 


hours, we must carry out the solution 
of these ten simultaneous equations, 
which are explicit in the future tempera- 


5 
00125 = 400 steps. This 


calculation has been performed for the 
first 0.30 hrs., and the temperatures ob- 
tained are shown on the first three 
curves of figure 1. 


tures, for n = 


To see the physical significance of 
equation (6), as applied to this prob- 
lem, let us again set up a heat balance 
on the first half-block in Figure 2: 


heat stored per unit time = heat from 1 


pcAx 
2at ( ) 


In this heat balance, a different set of 
temperatures is used in the conduction 
terms. Instead of expressing the tem- 
perature gradient as a function of the 
temperatures at the beginning of, the 


= 


Then the above equation (8) becomes : 


k 
ax ( 6,,n+1/2 — 9o,n+1/2 ) (8) 


time interval, it is expressed in terms 
of average temperatures over the inter- 
val. That is, @m,n+1/2 is evaluated as the 
arithmetic mean of present and future 
temperatures : 


9m,n+1 + Omyn 


; (9) 


= 


(M + 1) 


(10a) 


On the first full block, the heat balance is: 


Ax k k 


or 
Oo.n+1 + 9 n+ + Bon +6 an +26 M—1 
Similarly, 
Boney = + + + + — 1) (10¢) 


2(M + 1) 
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and so on. These equations are equiva- 
lent to equation (6). 


As with the previous type of equa- 
tion, we obtain ten simultaneous alge- 
braic equations with the ten unknown 
65,n+;- In this case, however, each equa- 
tion contains either two or three of 
these unknown 6,,,n+, terms, so the solu- 
tion for one time step appears somewhat 
more difficult. Still, the process is sim- 
ple, because one sees that equation (10a) 
always represents a known relation be- 
tween the unknowns, and @,,n+1- 
This relation, substituted in equation 
(10b), produces a similar expression 
between and This substi- 
tution may be repeatedly made through 
the equation for which yields 'the 
relation between 6, and How- 
ever, the last equation, written for 
Contains as unknowns only @, n+, 
and 6, ,4,, so these quantities may then 
be determined, and, from them, all the 
rest of the @n,,+, values at that time 
step. 


For the same initial conditions as 
before, then, this set of ten equations 
has been solved simultaneously at each 
of thirteen time steps: t = 0.025, 0.05, 
0.10, 0.15, 0.20, 0.25, 0.30, 0.40, 0.50, 1.0, 
2.0, 3.0, and 5.0 hours. The results of 
this solution are shown in Figure 1. 


In the early part of the problem, 
where the time steps are comparatively 
small (yet larger than those of equa- 
tions 7), the solution is simplified by 
the presence of many zero temperature 
excesses, as shown by Figure 1, and 
also by the fact that the solution is 
simpler when the same size of time in- 
terval is used for more than one step 
of the solution. Even in the later part 
of the problem, however, it was found 
that about twenty minutes’ computing 
time with a desk machine was sufficient 
to solve the ten equations. In the last 
step, for instance, from: t = 3.0 to 5.0 
hours, this is to be compared with the 


much more tedious solution of the ten 
explicit equations (7) through 160 time 
steps to cover the same time interval. 


Another advantage to the Crank- 
Nicolson method, incidentally, is that 
the steps may be chosen large enough 
to keep round-off error negligible, 
whereas in a solution where one must 
keep M=2 to prevent oscillation, it is 
sometimes found that this error becomes 
of comparable magnitude to the tem- 
perature change from one time step to 
the next. In order to understand: the 
nature of this round-off error in nu- 
merical calculations, let us examine the 
analytical solution represented by the 
curves of Figure 1. Between the last 
two curves, from t = 3.0 to 5.0 hours, 
the temperature 6, changes by a little 
less than 8F. As mentioned previously, 
the time interval between these curves 
is covered by 160 time steps in the Em- 
mons-Dusinberre equations. If the com- 
putation is being carried out to the 
nearest tenth of a degree, it is possible 
to acquire an error of nearly one- 
twentieth of a degree by “rounding off” 
a temperature a single time. However, 
the actual solution changes by an aver- 
age of only “eo, or one-twentieth of a 
degree per time step, so the round-off 
error in one time step is sufficient to 
obscure the temperature change being 
sought. If one is able to take larger 
time steps, of course, this difficulty is 
avoided. 


Now that the general features of the 
Crank-Nicholson Method have been de- 
scribed, it might be useful to describe 
its application to a more complex prob- 
lem. Suppose that a long composite 
metal plate, Figure 3, generates heat in 
the interior, as, for instance, by a 
nuclear reaction or by the passage of a 
large electrical current. Suppose, fur- 
ther, that at the surfaces a different 
metal is bonded to this current-conduct- 
ing metal, as indicated in Figure 3, and 
that no heat is generated in this clad- 
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ding material. The exposed surface of 
the latter metal is cooled by the forced 
convection of a fluid, so that the surface 
heat transfer coefficient, h, is primarily 
a function of the velocity of this fluid. 
It is assumed that one knows the steady- 
state values of heat generation, fluid 
temperature, heat transfer coefficient, 
and properties of both metals, such as 
density, heat capacity, and thermal con- 
ductivity. From this data, of course, 
one may calculate the steady-state tem- 
perature distribution which is needed to 
start the transient solution. 

The unsteady-state problem starts 
when the power, fluid flow rate, or fluid 
temperature is changed by external fac- 
tors. For example, the heat generation 
rate might be varied in a given fashion 
with time. Furthermore, this might be 
accompanied by specified variations in 
the coolant flow rate and temperature. 

The first step in the solution is to 
choose a reasonable physical subdivision 
through the plate, as shown in Figure 
3. Because of symmetry, only half the 
plate need be considered. Also, since 
the area normal to the heat flow is con- 


n + 61,044 Oo, n(M, 
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Ficure 3—Physical subdivision for numeri- 

cal solution of unsteady-state heat conduc-. 

tion problem igen internal ent generation 
in a long, thin plate. 


stant, it may be taken as unity. Writing 
a heat balance for each block in the sub- 
division, as for equation (8), we obtain 
six simultaneous equations: 


M, q’”’(t)At 


= M, 1 + 1) (lla) 
+ + + + 20,..(M, — 1) M, q’’’(t)At 
,n+1 2(M, 1) + paca (My 1) (11b) 
6 = 95,0 + + 91,n+1 — 1) M, q’’’(t) At (11c) 
2,n+1 2(M, ae 1) paCa (M, + 1) 
2MpaMarq’” (t) At 
6 Mba(02,n+1+92,n) + Map (04,n41+64,n) +(2MarMba— Map) 93,n + eaCat 
2MabMba+Moba+ Map 
(11d) 
+ 95,n+1 + 95, + 264.n(M,— 1) 
2(M, she 1) (ile) 
95,041 M, + N + 1 (11f) 
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In these equations, q’’’(t) is the heat generation rate per unit volume; p, and ~, 
are metal densities ; c, and c, are heat capacities; k, and k, are thermal conductiv- 


ities ; h is the surface heat transfer coefficient; M, = 


(Ax)? + (Ax)? + 
2 iby 


k,At 


Equations (11) may be solved in a 
similar manner to equations (10), with 
the solution at each time step involving 
six simultaneous linear algebraic equa- 
tions. In two of these equations, (lla) 
and (11f), only two unknown tempera- 
tures appear, while the other four equa- 
tions each contain three unknown tem- 
peratures. It is therefore possible to 
eliminate the unknowns successively so 
that an iterative solution at each time 
step, as in the example of Crank and 
Nicolson (equation (6)), is not re- 
quired. 


Before leaving this example, it is in- 
teresting to consider the application of 
the Emmons-Dusinberre type of solu- 
tion for a transient of one or more 
hours’ duration. If the thermal diffusiv- 
ity is 0.2 ft?/hr, and Ax is 0.01 ft, the 
minimum length of a time step in the in- 

(0.01)? 
(2) (0.2) 
hrs., so that we must have at least 4000 
time steps per hour. At the surface, the 
criterion for stability has been shown to 
hAx 

k 
h = 1000 B/hr ft?F, this would require 
M=>4, which represents a minimum of 
8000 time steps per hour. It is seen, 
then, that this method would not offer 
a practical solution unless one were 
willing to set it up on a large digital 
computing machine. 


The Crank-Nicholson Method, on the 
other hand, has been shown to approxi- 
mate the analytical solution of Figure 1 


terior for M = 2, is = 0.00025 


be M=>2N +2, where N = . For 


hAx 
k,At and N = 


with M-values as low as one-twentieth, 
which corresponds to about 100 time 
steps per hour. Actually, even lower 
M-values are acceptable if the param- 
eters are changing gradually instead of 
in the discontinuous fashion of the ex- 
ample represented by Figures 1 and 2. 
For problems with heat generation in 
a thin plate, similar to the one just 
described, the author has compared solu- 
tions of the explicit equations, carried 
out for thousands of time steps by a 
large punched-card machine, with those 
obtained by the Crank-Nicolson Method 
with desk-type calculating machines and 
with only a small fraction of the num- 
ber of time steps. The temperatures 
obtained were quite comparable, differ- 
ing by considerably less than the usual 
errors which one anticipates from the 
use of the accepted convective heat 
transfer and fluid friction correlations. 


Finally, it may be pointed out that 
the equations (11) are applicable and 
may be handled satisfactorily even if 
some or all of the parameters and phy- 
sical properties are dependent upon 
temperature as well as upon time. For 
instance, the heat generation might very 
well depend in a known way upon the 
temperature of the inner metal ; the heat 
transfer coefficient might depend upon 
the surface and fluid temperatures ; and 
the thermal conductivities of the two 
metals might depend upon their tem- 
peratures. In this case, the six simul- 
taneous equations must be solved by 
iteration at each time step. This does not 
prove to be a serious complication, how- 
ever, as is pointed out in the Crank- 
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Nicolson paper for the problem they 
considered (equation (6) ). 


To summarize, we have reviewed a 
new mathematical method proposed by 
Crank and Nicolson for the solution of 
partial differential equations of the heat 
conduction type, and we have compared 
this with the Emmons-Dusinberre and 
with the Binder-Schmidt Methods. The 
advantages of this new technique have 
been pointed out and illustrated by ex- 
amples in which, instead of purely 
mathematical derivations, the type of 


physical reasoning advanced by Dusin- 
berre has been employed to obtain the 
finite difference equations. It is hoped 
that this discussion will serve to bring 
to the attention of design and develop- 
ment engineers an important new tech- 
nique in numerical analysis. 


The author wishes to acknowledge his 
indebtedness to Dr. J. P. Silvers, of 
Argonne National Laboratory, for his 
guidance and constructive criticism dur- 
ing the course of the work upon which 
this paper is based. 
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NEW ADMIRALTY DIESEL ENGINES 


ACKNOWLEDGMENT 
This is a staff article appearing in the February 1952 issue of “The Motor 


Boat and Yachting.” 


A new series of Diesel engines for 
propulsion and auxiliary purposes in the 
Royal Navy has been put into produc- 
tion. It covers a power range of 750- 
2000 h.p. Work on this series began in 
1945 to meet the need for motors having 
a better power/weight ratio than those 
then available from commercial sources. 


Detailed design was undertaken by 
the Engineering Department of H. M. 
Dockyard, Chatham, in conjunction with 
the Admiralty Engineering Laboratory, 
West Drayton, and the manufacture of 
a prototype 16-cylinder version was com- 
menced at Chatham at the end of 1948. 

The engine so developed was called the 
Admiralty Standard Range I (A.S.R.I.) 
engine, and designs have now been com- 
pleted for the 16- and 12-cylinder “V” 
and the 8- and 6-cylinder “in line” ver- 
sions in both supercharged and un- 
supercharged forms. 


Numbers of these engines are now 


being produced at Chatham Dockyard 
and by various well-known firms for 
general application in the Navy. 


~The main particular of A.S.R.I en- 
gines are given in the appended table. 


Features common to all engines in the 
series are direct injection with four- 
valve cylinder heads, all-welded steel 
frame, chromium plated cylinder liners, 
copper-lead main and big-end pre-fin- 
ished thin shell bearings (big-end bear- 
ings for “V” units being of the fork and 
blade type), fresh water cooling, and 
hydraulic governors on both propulsion 
and auxiliary engines. 


Particular attention has been paid to 
interchangeability of all replaceable 
parts, including similar crankshafts and 
bedplates for “in line” and “V” versions 
of equivalent number of crank throws. 
Accessibility and ease of maintenance 
have, it is stated, been borne well in 
mind in preparing the design. 


GV .TSE S: 6 L.T.S. 
Bore 93%” 
Stroke 10%” 
Maximum r.p.m. 1,000 eile 
Maximum b.h.p. supercharged 2,000 1,500 1,000 750 
Maximum b.h.p. unsupercharged 1,400 1,050 "700 525 
Dry weight (ib. ) (including 
engine mounted auxiliaries) 36,000 29,000 24,000 19,000 
ft. in. ft. in. ft. in. ft. in. 
Length 16 10 14 0 16 6 14 0 
Breadth 4 5 4 a3 
Height 8 7% 8 6 SF 8 6 
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COMMANDER ARTHUR CLIFTON BUSHEY, JR., USN 


THE AUTHOR 


CoMMMANDER BusHEY is stationed in the Bureau of Ships, Contract Design 
(Hull). He was commissioned 28 February 1930 as a Lt. (J.G.)—Construction 
Corps, U. S. Naval Reserve. On 7 October, 1940 he was called to active duty 
and assigned to the Design Section of the Norfolk Navy Yard. To aid the 
training of personnel in that rapidly expanding organization, he organized the 
University of Virginia Norfolk Extension for Naval Architecture, teaching in 
the evenings for two years. He was next assigned to the Pacific. He holds the 
Bronze Star Medal. The late King of England appointed him an O.B.E. in 
recognition of his services as officer in charge of shipbuilding and ship repairs 
in New Zealand and commanding officer of the U. S. forces in Auckland. 


It took nearly 300 years after the first 
white man saw South American Indians 
playing with a “rubber” ball before the 
use of rubber became widespread. It was 
then utilized for erasers ; hence the name 
“rubber”—to rub out pencil and ink 
marks. 


Nearly all of the rubber for the past 
half of a century has been obtained 
from tapping the so-called rubber trees 
(Hevea brasiliensis), growing in large 
tropical plantations, for a milk-like sub- 
stance known as latex. Hevea Latex 
produces the largest quantity and the 
best quality of caoutchouc (pure rub- 
ber). 

The uses of rubber and synthetic rub- 
ber in various forms by the military 
services of all nations are almost end- 
less: tires, airships, barrage balloons, 
pontoons, salvage bags, fuel storage 
tanks, submerged refueling bags, decoys 
and camouflage equipment, life preserv- 
ers, boats, exposure suits, de-icers for 
aircraft wings, self-sealing fuel tanks, 
etc. 


The equipment as we use it can gen- 
erally be broken down into two cate- 
gories, the mechanical goods items such 
as tank treads, hose, belting, mats, deck- 
ing, etc., and the coated fabrics items 
such as airships, balloons, boats, etc. 


Probably the first manufacturer of 
rubber goods in this country was the 
India Rubber Company of Roxbury, 
Massachusetts, who, in 1832, made rub- 
ber bottles, overshoes, mackintoshes 
(named after Charles Macintosh who, in 
1823, manufactured the first waterproof 
cape in England. This was highly un- 
successful as the material hardened like 
armor plate in winter and softened and 


‘fell apart in summer). In 1839, Charles 


Goodyear in New Haven, Connecticut, 
developed vulcanized rubber by heating 
rubber with sulphur. The old tempera- 
ture difficulties were overcome by this 
process and, in addition, a more elastic, 
stronger and more durable material be- 
came available for our people of more 
than a century ago. Further develop- 
ments followed, combining rubber with 
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15-Man Capacity Boats. 
Inflatable Type with Double Canopy 1951. 
(Packs in Carrying Case 5’-0” x 2’-9” x 2’-2”. Weight 200 Pounds.) 


other materials, by blending and, later, 
by coating and taking advantage of their 
reinforcing properties, to obtain a wide 
variety of desired qualities in the end 
products; and more recently, the econo- 
mies and improvements made possible 
through utilization of scrap rubber. 


The increasing use of aircraft was 
responsible for the military services and 
a few rubber companies, some no longer 

‘in existence, undertaking a continuing 
program of design and development of 
better inflatable equipment for rescue at 
sea. This program is still going on. 


With the advent in 1930 of efficient 
automatic inflation devices, a great step 
forward was made. This was accom- 
plished by the use of compressed carbon 
dioxide (CO,) in a steel cylinder dis- 
charging through a valve and manifold 
into both compartments of the boat. 


(Nitrogen was added to help gas dis- 
charge at —65° F.). 


With this development, the self-inflat- 
ing rubber boat became a practical real- 
ity and its use increased tremendously 
as its ability to “bring ’em back alive” 
was attested to by those who were saved. 


In 1938, the life boat was modified 
for landing amphibious troops and was 
able to successfully land troops across 
coral reefs and through surf. These 
boats were fitted with outboard motors 
and machine gun mounts. Early in 1940 
development work on pontoons was 
started. These pontoons were oval 
shaped, rubberized fabric rafts, fitted 
with “D” rings to which a treadway 
was secured and when placed side by 
side across a river, allowed the heaviest 
tanks to cross on a bridge of air. These 
pontoons are readily deflated and the 


622 


( 
j | 
Pp 
fe 
a 
al 
be 
it 
m 
th 


RUBBER NAVAL CRAFT 


World War II Camouflage 


disassembled bridge becomes relatively 
easy to transport. 


During World War II a large variety 
of camouflage items were made of 
coated fabric, including aircraft, prac- 
tically all mechanized and mobile equip- 
ment and landing craft up to the LCT 
or LSU, which is over 100 feet long. 
This, together with a model of a PT, 
practically drove the people involved in 
the program to the verge of insanity. 


British observers working with our 
people on this equipment stated that the 
Suez Canal was closed by the British 
for a 24-hour period when an unidenti- 
fied submarine was reported near the 
entrance. Actually the camouflage peo- 
ple had built the superstructure of a 
submarine and had it under test. It was 
a secret project and the secret was ap- 
parently too well kept. 


The critical crude rubber situation 
about 1942 precluded its use for ship- 
board boats, pontoons and camouflage 
items; so the rubber industry did a re- 
markable job in the conversion to. syn- 
thetics, the most satisfactory one being 
Neoprene. Neoprene is still used and is 


LSU Inflated Fabric Type. 


superior to the crude rubber compounds 
in some respects (oil resistance—abra- 
sion). 


During the war (and to some extent 
even now) U. S. and British naval 
vessels were fitted with floater nets 
(hard cellular rubber floats secured to- 
gether by ropes through their horizontal 
centers), and balsa floats. Both of these 
are practically useless in cold water and 
resulted in terrifically high personnel 
losses in British ship sinkings, the im- 
pact of which was felt later when new . 
ships were added to their fleets. Since 
the war, considerable work has been 
done to develop an inflatable boat for 
shipboard use which would be of value 
in cold water. The 15-man capacity 
boats presently being procured for ship- 
board use are fitted with a double’ 
canopy, which has about a 4-inch air 
space between the inner and outer layers. 
Tests of these boats were conducted in 
water at a temperature of 40° F. with 
an air temperature of 47° F. Ten men 
boarded the boat from the water after 
being immersed from 1 to 11 minutes, 
and within a short time (about 30 min- 
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utes) the temperature inside the boat 
had built up to 87° F. and the humidity 
to almost 100%, just from the body heat 
of the occupants. This completely upset 
the popular fallacy that a person im- 
mersed in cold water for five minutes 
was pretty sure to succumb no matter 
what treatment was given. 


The use of inflatable life preservers 
made from coated fabrics, and inflated 
orally or by CO,, was initiated for avi- 
ators. The life preserver is worn as a 
vest and when inflated will support an 
unconscious man in an upright -position. 
These approximately date themselves 
because the aviators immediately chris- 
tened them “Mae West” for two obvious 
reasons. 


The latest material being coated is 
known by various names, In-Fab, Air- 
Mat, Rigid-Aire, depending on the com- 
pany using it; a neutral name and the 
one in use by the U. S. Navy is denoted 
Inflatable Mat Fabric. This material is 
woven on plush weaving looms and can 
be readily made from %” thick to 3” 
thick of heavy tire cord or gossamer 
thin nylon. Greater thicknesses can be 
made for special applications. 


For most applications the material is 
made from nylon for its strength char- 
acteristics and as condensation will oc- 
cur, together with the possibility of 
water entering through the valves, it 
has been found to be infinitely better 
than mildewproof cotton fabric. 


This material (Inflatable Mat Fabric) 
is difficult to coat because the double 
thickness of material, together with the 
pile threads going through the spreader 
rolls, tends to develop wrinkies. Al- 
though the finished coated material with 
a reinforcing layer of cloth top and bot- 
tom costs about $18.00 per yard (52” 
wide), the use of this product reduces 
the assembly time of the end item with 
a resultant reduced labor cost, which 
tends to balance the initial material 
cost. The smooth surface of this ma- 


Experimental 10-Man Inflatable Mat Boat. 
Weight 200 Pounds without Engine 1951. 


terial, when inflated, permits the manu- 
facture of items hitherto unobtainable. 
In camouflage items the proper shadow 
effects and contours are extremely im- 
portant. For boat bottoms, it allows 
greater inflation pressures and stiffer 
bottoms. 


The experimental 10-man_ inflatable 
mat boat is made of two thicknesses of 
this material throughout, the inner shell 
being inflated by one inflation system 
and the outer shell by another one. The 
boat complete (less engine) weighs 
about 200 pounds and when packed in 
its carrying case (coated fabric) meas- 
ures about 6’-0” x 2’-3” x 2’-3”. The 
inflated boat is approximately 187-0” 
long by 6’-0” beam and with a— 

10 hp. outboard motor and 10 men, 
made 6.5 MPH 


14 hp. outboard motor and 10 men, 
made 7 MPH 
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25 hp. outboard motor and 10 men, 
made 12.5 MPH 
10 hp. outboard motor and 2 men, 
made 12.5 MPH 
14 hp. outboard motor and 2 men, 
made 17 MPH 
25 hp. outboard motor and 2 men, 
literally started to fly 
and operators requested flight pay if 
they were to emulate pilots. 


Another boat, a six-man reconnais- 
sance boat, has a two-ply bottom of this 
material under two 16” diameter tubes. 
This boat complete (less engine) weighs 
about 265 pounds. In its carrying case 
it measures approximately 4 ft. long, 
3 ft. wide and 1’-6” high. The inflated 
boat is about 14 ft. long and 5 ft. wide, 
and with a 25-hp. motor and a six-man 
load made 15 MPH and with a 25-hp. 
outboard motor and two men aboard 
made 27 MPH. 


Another interesting item manufac- 
tured from coated fabric is the salvage 
pontoon, one or more of which are 
secured to a sunken vessel by divers and 
at the proper time inflated by the rescue 
ship’s air line and the friendly air again 
provides cheap buoyancy. 


The wide variety of service items 
previously mentioned are manufactured 
from cotton or nylon fabrics, coated with 
rubber or neoprene, and range in weight 
in ounces per square yard from 1 to 100. 
Tensile strengths vary up to 1,000 
pounds per square inch, depending upon 
the service requirements of the end item. 

Other fabrics and coatings are used 
and.the development of other materials 
and uses continues. One of great inter- 
est now is the installation of “bladder” 
fuel tanks on many small craft to save 
weight. These tanks should not be con- 
fused with the well known self-sealing 
tanks. 
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_THE FUTURE OF THE FLYING BOAT 


March ‘12, 1952. 
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During the three decades before the 
Second World War, the hull form of 
flying boats remained substantially the 
same, with a transverse main step a little 
aft of the center of gravity and a second 
step situated well aft. In the course of 
time, the second step was gradually re- 
duced in width until finally the aft plan- 
ing bottom terminated in a point. Until 
recently, it has been necessary to make 
the depth of the main step about 8 per- 
cent of the maximum beam to avoid in- 
stability. This was a major cause of 
drag. In early developments a change 
of angle between the fore and aft plan- 
ing bottoms had been found to be neces- 
sary, and this has persisted up to the 
present time. An angle of about 8 deg. 
is usual, but 5 deg. to 11 deg. have been 
used. Other hull features which have 
persisted are the heavy turn-down of the 
bow chine in order to deflect spray, and 
the retention of a sharp chine through- 
out the length of the planing bottom. 


Throughout the period which ended 
shortly before the Second World War, 
flying boats were in advance of land- 


planes in size and in their attainment of 
range. However, as a consequence of 
the large size of hull required, firstly, 
for buoyancy, and, secondly, in order to 
raise the wing and propellers above 
waves and heavy spray—and of the high 
drag associated with the contemporary 
boat form—the speeds attained fell be- 
hind those of landplanes. The Schneider 
Trophy racing aeroplanes, however, 
demonstrated the possibility of building 
high-speed water-based fighters. 


Turning to contemporary flying boats, 
ocean-patrol boats are required for oper- 
ation from areas which are not suitable 
for landplanes. Their primary duty is 
submarine search, but they are also used 
for locating and destroying enemy trans- 
ports, convoy escort, shadowing enemy 
ships, air-sea rescue, etc. Long endur- 
ance, coupled with a large radius of ac- 
tion, is required. For search or convoy 
escort a slow speed at a relatively low 
altitude is necessary, although high 
cruising speed out to the scene of action 
is also desirable. The various duties of 
piloting, navigation, search and protec- 
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tion, call for a relatively large crew. A 
high standard of seaworthiness is re- 
quired, so that the aircraft can alight on 
the open sea. Modern examples of this 
type of flying boat are the Glenn Martin 
Marlin P5M-1 and the Convair XP5Y-1. 


The latter is the first example of hull 
design in which increased fineness ratio 
has been used. The aircraft weighs 
138,000 Ib. but can carry a considerable 
overload. It is fitted with four Allison 
T.40 coupled turbines, driving contra- 
rotating propellers, with a total equiva- 
lent horsepower of 22,000. On account 
of its low power loading it has a high 
top speed of 390 m.p.h. 


It is hardly necessary to recall the 
honored place, in passenger transport 
development, in which the Short Empire 
boat stands. Although the original de- 
sign dates back to 1935, the Solent IV, 
a derivative of the original Short C- 
class boat, is still in operation. The first 
Saunders-Roe Princess, designed as a 
civil flying boat, is nearing completion 
by the builders. It has a take-off weight 
of 330,000 Ib., and is fitted with ten 
propeller-turbine engines of a total 
equivalent horsepower of 35,000, esti- 
mated to give it a high cruising speed 
of 380 m.p.h. at 40,000 ft. The cross- 
section of the hull, for pressurizing rea- 
sons, is a figure eight ; consequently, the 
cabin space is arranged on two decks. 
This is the first flying-boat hull to be 
pressurized. The designed range is 5000 
miles when carrying 105 passengers. 
The hull design embodies a number of 
new features. The main step, in plan, is 
semi-elliptical, and the aft bottom is 
faired away directly from the step with- 
out a break in depth. This has resulted 
in a useful reduction in air drag, while 
providing one of the most stable hull 
models so far tank-tested. 


With the advent of the jet engine, 
which has removed the necessity for 
mounting the propeller and engine high 
above the water, a new type of fighter 
has become possible. The first and only 


example so far buut is the Saunders- 
Roe S.R./Al1, first flown in 1947. It 
does not include some recent develop- 
ments in flying boat form which have: 
made possible a further considerable re-: 
duction in drag. The S.R./Al weighs 
15,000 Ib., and is fitted with a pair of 
early axial-flow jet engines, manufac- 
tured by Metropolitan-Vickers. The 
armament consists of four 20-mm. can- 
nons. : 


There is a steady demand for amphib-. 
ians for inter-island traffic, forestry 
patrol and river communications, naval. 
communications and air-sea rescue. 
Probably the best example of the naval 
communication and air-sea rescue am- 
phibian, although not the most recent, 
is the Vickers Supermarine Walrus, and 
its later version, the Sea Otter. Being 
exceptionally seaworthy, they were found. 
to be very suitable during the Second. 
World War for air-sea rescue. A re- 
cent civil amphibian is the Short Sea-. 
land, a passenger-carrying machine, 
suitable for inter-island trafic and river 
communication. It weighs 9100 Ib. and 
is fitted with two de Havilland Gypsy 
Queen engines. It carries seven passen- 
gers and has a range of 220 miles. 


Up to and during the Second World 
War, flying-boat hulls were poor aero- 
dynamically. From an analysis of the 
factors contributing to the increased 
drag of a hull over that of a streamline 
form, comprising a body of revolution 
based on the shape of the airship R.101, 
it was found that contemporary hulls had 
a relative drag factor of 1.43 to 1.51 
times that of the streamline form. From 
wind-tunnel tests at high Reynolds num- 
bers on representative hull bodies car- 
ried out by the National Advisory Com- 
mittee for Aeronautics in America and 
the National Physical Laboratory in this 
country, together with certain additional 
information available, an analysis of 
drag increments for a typical hull of the 
form used during the Second World 
War, stated as a percentage increase in 
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THE FLYING BOAT 


drag relative to a body of revolution, 
is as follows:—cambering the basic 
streamline, 3 to 5 percent; adding fin 
and cabin, .2 to 3 percent; adding fore 
and aft planing bottoms, 8 to 9 percent; 
squaring the mid-body chines, 1 percent ; 
turning down of bow chine, ! to 8 per- 
cent; addition of main step, 20 to 38 
percent. 

The most serious cause of drag is the 
main step, the purpose of which is to 
break the water flow over the bottom 
of the hull at a point approximately 
where the normal ‘pressure from the 
water diminishes and further aft changes 
to suction. Fig. 1 (a) shows a tradi- 
tional form of step. A hull without a 
main step cannot leave the water because 
of this suction and it is necessary, there- 
fore, to supply adequate air ventilation, 
in order to prevent the spray which 
leaves the step from rising and clinging 
to the aft planing bottom: A step which 
retracts in flight, as in Fig. 1 (b), has 


been tried, but the weight and difficulty’ 


of maintenance have ruled it out as a 
practical proposition. 

Another solution used with consider- 
able success has been to add a fairing 
behind the main step (Fig. 1 (c)), in 
elevation alone or by combining the 
fairing in elevation and plan. Tne drag 
of transverse steps, having straight fair- 
ings in elevation, decreases appreciably 
with fairing ratios above 3, the optimum 
fairing ratio being 9. At this value the 
total hull drag is approximately 20 per- 
cent above that of the basic body of 
revolution under conditions of minimum 
drag. With long straight fairings the 
natural ventilation of air along the break 
of the step must be supplied by other 
means. One method is to ventilate 
through air ducts to slots in the region 
of the step, with additional air ventila- 
tion slots some way down the aft plan- 
ing bottom, Concave fairings are in- 
ferior to straight fairings and, although 
convex fairings are an improvement 
aerodynamically, they are unsuitable for 
hydrodynamic. reasons. 


Fig. 1. FLyinG BOAT sTEPs. 


(a) 


(e) 


Applying the fairings with taper in 
plan, as well as elevation (Fig. 1 (d)) 
further improves the drag and, as the 
included angle of V is reduced, the 
drag due to the step decreases and vir- 
tually disappears when the angle is 10 
deg. Unfortunately, satisfactory hydro- 
dynamic properties have not so far been’ 
associated with small angles of V. A 
compromise in hull step fairing has been 
applied to the Saunders-Roe Princess 
(Fig. 1 (e)). This has a 6 to 1 fair- 
ing, springing from 4a semi-circulzi 
break in the bottom lines. The drag of 
this hull is approximately 15 percent 
greater than that of the basic body of 
revolution. 


Fairings of greater length have been 
tested up to ratios of 20 or more, and 
forced ventilation has been used in order 
to overcome instability troubles. The 
improvement in air drag was, however, 
small. A certain amount of preliminary 
work has been done in the testing tank 
on the elimination of the step altogether 
by the use of forced ventilation. A de- 
flection of 7% percent of the jet-engine 
compressor delivery to a suitable pat- 
tern of air jets below a streamline body 
caused the body to run stably at satis- 
factory attitude and resistance. 
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It has hitherto been customary to 
make the forward planing bottom length 
3 to 3% times the maximum beam, cor- 
responding to an over-all length/beam 
ratio of 6 to 7. Recent tank tests on a 
series of hulls of differing fineness ratio 
have led to an empirical relationship 
connecting length / and beam b where, 
for equivalent hydrodynamic behavior, 
l? xX 6 = constant. Therefore the length- 
to-beam ratio can be varied and much 
higher beam loadings can be accepted. 
This has encouraged the projected use 
of hulls of greater fineness ratio, with 
corresponding low beam. In this way 
the drag increment due to the step can 
be reduced. For example, an increase in 
the forebody length-to-beam ratio from 
3.5 to 6.5 results in a reduction in hull 
drag of 5 percent. 


The basic streamline form can. be 
chosen to suit the function of the air- 


craft, a high length-to-beam ratio being 


preferable. The depth of body will be 
decided either by the internal disposal 
of payload or by the necessity for pro- 
viding adequate clearance of the power 
plant from spray. The planing bottoms, 


together with the keel and chines, are. 


responsible for about 9 percent increase 
in drag over the basic body. This fig- 
ure can be reduced a little by carrying 
the aft bottom to the sternpost, and, at 
the same time, the cambering of the: 
basic streamline can be reduced. By 
careful design in the bow, so that the 
chines follow the air-flow pattern, the 
large increment of drag observed in one 
set of tests can be avoided. Alternatively, . 
the drag cost for heavy bow turn-down 
can be eliminated completely by the use 
of spray plates which are retracted after 
take-off. It is also possible to make the 
mid-body chines follow the natural. 
streamline flow for the mean cruising 
attitude. To summarize, the basic drag 
of the ideal streamline body need not be 
increased by more than 10 to 12 percent 
in converting it to a suitable hull form,. 
compared with a 4- to 5-percent increase 
in converting the streamline form to 
a typical landplane fuselage. 


The resistance during the. take-off of 
a flying boat is the sum: of quantities 
due to air dtag, wave-making resistance, 
planing resistance and skin friction. Fig. 
2 shows how the resistance varies with 
speed during the take-off run. The wave- 
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THE FLYING BOAT 


making resistance is greatest during the 
early part of the take-off but, being pro- 
portional to displacement, it reduces as 
the wing lift increases, and is of low 
value beyond the “hump.” Planing re- 
sistance varies with (speed)? and is 
directly proportional to area and atti- 
tude. At present, a refined form of fly- 
ing boat has a resistance to weight ratio 
of 0.18. It is not expected that further 
important reductions can be made with 
a conventional type of hull. The skin 
friction component may be increased 
considerably by the impact of spray. If 
negative pressure is allowed to build up 
on the aft planing bottom the hull may 
ride at inefficient attitudes and addi- 
tional lift is required to balance the 
downward suction. The take-off drag of 
a landplane is shown in Fig. 2 for com- 
parison. 


It is a well-known fact that high 
efficiencies, of the order of a 30-to-1 
lift-to-drag ratio, can be obtained with 
hydrofoils operating in optimum condi- 
tions. By the use of such lifting sur- 
faces it should be possible to provide 
additional water lift at low speeds for 
low cost in resistance, thus improving 
the over-all efficiency. Investigations 
show that a resistance-to-weight ratio of 
the order of 0.12 should be possible. 
There are, however, many difficulties to 
be overcome before the application of 
hydrofoils can be successful. An exces- 
sive rise in suction over the back of the 
foil, due to speed, attitude or loading, 
results in cavitation. Furthermore, 
breakdown of efficient lift may be pre- 
cipitated if the foil is too close to the 
water surface. It is difficult, therefore, 
to ensure stable running conditions. The 
most successful experiments have had 
two set of foils, one at the bow and the 
other—the main lifting foils—just aft 
of the center of gravity. “Ladder” sys- 
tems which may include pronounced 
dihedral have also been used. A possible 
solution is to use hydrofoil lift up to 
medium speeds, and, after cavitation to 
use the planing lift from the lower sur- 


faces. Subsequently, the foils would 
retract completely into the streamline 
body. 


Hydro-skis obtain their lift from the 
water pressure on their lower surface in 
a similar manner to the planing lift of 
the boat planing bottom, but a consider- 
ably higher loading can be used, and 
consequently a higher attitude of the 
planing surfaces is necessary. Re- 
searches in England and America on the 
application of hydro-skis to high-speed 
designs have shown that it is possible 
to have a highly stable hydro-ski sys- 
tem which is capable of lifting an air- 
craft body off the water at relatively low 
speed. The hydrodynamic efficiency of 
a hydro-ski is low and it is unlikely that 
a resistance-to-weight ratio lower than 
0.35 can be obtained. However, because 
of their capability of total retraction, 
hydro-skis are very suitable for water- 
based fighters where the power available 
is more than adequate to ensure a short 
take-off run. 


Perhaps the most successful method 
of estimating spray height is that based 
on the results of tests, made in America, 
on a series of hulls having varying 
length-to-beam ratios and deadrise an- 
gles. From these and other results 
curves have been produced, from which 
the propeller tip heights can be deter- 
mined. ; 


Local curvature at the chine, which 
terminates horizontally, or nearly so, 
has practically no effect on spray height. 
Reflex curvature at the chine is found 
to increase the spray height. Transverse 
bottom sections which are hollowed from 
keel to chine are an improvement over 
straight bottom sections. Spray strips, 
or plates, which project horizontally 
from the chine have no effect on spray 


height and setting the plates at small 


negative angles to the horizontal shows 
no benefit, but plates at about 90 deg. 
have ‘proved. successful. Spray strips, 
parallel to the keel but at varying dis- 
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Fig.3, WATER STABILITY DIAGRAM. 
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tances from the chine, are less effec- 
tive, the reduction in efficiency being 
proportional to their distance from the 
chine. 


Most flying boats in the past have 
shown some degree of fore-and-aft in- 
stability on the water. With the advent 
of high loadings and increases in take- 
off speeds, any form of instability can 
become uncontrollable. Porpoising, a 
cyclic oscillation in pitch and heave, is 
the most dangerous type of instability, 
especially when it occurs at low trim 
angles. Analysis of records made in 


various tanks indicates that trim and 
heave are out of phase, with trim usually 
leading. 


Two types of porpoising occur, as 
shown in Fig. 3, which is a plot of 
hull datum attitude against speed. “Low 
angle” porpoising, which occurs at trim 
angles below the lower limit of stability, 
is due to the hull forebody design, ex- 
cept in the hump region. Tests of a fore- 
body alone show that the lower stability 
limit occurs at very high trims at low 
speeds, the trim decreasing as speed in- 
creases. The effect of the afterbody is 
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to damp the motions in the hump region 
and cause the limit to occur at lower 
trims. It has also been found that if 
the afterbody is removed the upper limit 
is raised by 3 deg. or 4 deg. Increasing 
the forebody deadrise also raises the 
limit. 


High angle instability, above the 
upper limit, occurs at trims and speeds 
which nearly mark the configuration at 
which the afterbody enters the water; 
thus, it is dependent on the geometry 
of the afterbody, in particular the after- 
body keel angle. If the upper limit is 
crossed at mid-planing speeds the atti- 
tude is so high that the aircraft is usu- 
ally thrown clear of the water and stalls 
on again, perhaps in a regular pattern. 
When the aircraft is thrown entirely 
clear of the water intermittently, the 
motion is called “skipping.” This may 
occur on both take-off and landing, but 
more often on landing. The skipping 
characteristics of an aircraft depend 
largely on the geometry of the step and 
step fairing. A second type of upper- 
limit instability was observed in Ameri- 
can tank tests. The model is trimmed 
up until porpoising occurs and the angle 
is noted. The trim is then decreased un- 
til porpoising ceases; the angle is lower 
than before, because water clings to the 
afterbody after contact and does not 
break away until the latter has been 
pulled appreciably clear of the undis- 
turbed trough. The two limits are called 
upper limit increasing and decreasing 
trim, respectively (Fig. 3). - 


If a craft meets a disturbance in the 
hump region between the upper and 
lower limits, instability may occur, due 
to inadequate tail damping at these 
speeds. “Interference instability” is ex- 
perienced with some aircraft at high 
speeds, where the afterbody design does 
not allow free entry of air between the 
bottom and the trough. High suctions 
then occur, because the limited air sup- 
ply is entrained and drawn away in the 
water faster than it can be replaced, so 


that the water intermittently sticks to 
the hull bottom. 


Other types of instability that can 
occur include a small amplitude “skip” 
just before take-off, due to spray from 
the forebody striking the afterbody. In 
the same period is encountered “patter- 
ing,” in which the afterbody appears to 
remain just touching the water while 
the main step comes clear intermittently. 
The aircraft normally accelerates 
through these regions before the motions 
have time to develop. 


With hulls of conventional length-to- 
beam ratio of about 6, it was found 
that increases in load raised the lower 
limit, and it was necessary to restrict 
the forward range of center-of-gravity 
position in order to take off. With the 
large increases in loading made avail- 
able by using high length-to-beam ratios 
this trend has been accentuated. In 
subsequent investigations, it was found 
that for good planing stability the 
forebody bottom must have no longi- 
tudinal curvature over the area wetted 
at planing speeds, this region being 
from the main step to about one and 
a half beams forward of the step. A 
constant deadrise angle over this re- 
gion caused the forebody to become 
much more powerful than the afterbody, 
resulting in higher static trims. To 
counteract this, the deadrise was in- 
creased in a uniform manner, while still 
maintaining straight buttock lines. It 
was also found that increasing the fore- 
body warp—i.e., the increase in deadrise 
angle per beam—improved the lower 
limit. Increasing the afterbody angle 
up to about 9 deg. raised the upper limit 
of stability. 


Flying-boat hulls are laterally unsta- 
ble because their metacenter is below 
the center of gravity. Many successful 
flying boats have been stabilized with 
stub wings, or sponsons, but the view 
in the United Kingdom is that their 
extra drag and weight are too great. 
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Floats can be of two types—those which 
are retracted into the wing tip and those 
positioned inboard. The latter are at- 
tached to a stronger part of the wing 
structure, but retraction is difficult, par- 
ticularly as they are necessarily larger, 
because of their small moment arm. Re- 
tracting systems have been devised which 
permit the complete retraction of the 
float and chassis into the wing, but the 
total increase in structural weight may 
be greater than the weight of fuel saved. 
Wing-tip floats are smaller and the wing 
structure is not so seriously weakened 
by recesses to take the chassis. With 
floats retracted to the wing tip, the 
effective aspect ratio of the wing is in- 
creased. The improvement in induced 
drag in cruising flight goes some way to 
compensate for the increase in profile 
drag. 


The upsetting lateral moments are as 
follows :—a static moment due to nega- 
tive metacentric height; a lateral wind 
moment; propeller-torque reaction ; stat- 
ic moment increase, due to inclination 
of the aircraft when riding on waves; 
inertia moment due to rolling motion; 
inertia moment, due to turning during 
taxi-ing. A combination of these mo- 
ments may produce forces tending to 
bury the floats during low-speed taxi 
runs, and careful design is necessary to 
ensure that the lift of the float is pro- 
gressive with increasing speed. This 
can only be obtained by float develop- 
ment in the towing tank. It is possible 
to use a step form which is favorable to 
low drag increase, since its fore-and- 
aft stability is unimportant. The float- 
supporting structure must withstand 
landing impact in circumstances of 
dropping wing and adverse cross wind, 
in addition to the usual taxi-ing condi- 
tions. This calls for a high degree of 
sturdiness. Some flexibility is an advan- 
tage, and a cantilever structure is suita- 
ble. 


Recently, due to changed configura- 
tions and heavy loadings, the problem of 


directional instability on the water has 
become important. This is usually worse 
at, or just before, the hump speed dur- 
ing take-off, but it can also occur dur- 
ing the landing run; it is caused by 
water flowing up around the afterbody 
sides and tail cone. It is aggravated by 
the sides overhanging the chines of the 
last third of the afterbody. By employ- 
ing high-length-to-beam ratios, the tail 
extension behind the second step can be 
eliminated and thus overhanging after- 
body is avoided, but a greater control- 
hie moment is necessary with long 
ulls. 


There are three methods of preventing 
or overcoming directional instability: 
(i) By an additional keel plate below 
the afterbody extending forward of the 
second step. Its success is limited to the 
range of trims at which it will run in 
solid water. (ii) By water rudder, es- 
sential with jet-engined flying boats, 
where the possible offset thrust moment 
is small. With large aircraft it may be 
necessary to provide power assistance 
for its control. (iii) By water flaps 
equivalent to a split water rudder. The 
flaps are mechanically operated and com- 
bine the functions of water brakes and 
water rudder, supplying powerful con- 
trolling forces. It is claimed that, even 
in the most severe conditions, yawing 
can be counteracted and a directionally- 
stable take off can be made.. 


The sea in which the flying boat is 
to alight will most probably have a 
major swell interfered with by a lesser 
swell from another direction, on which 
are superimposed waves running in the 
direction of the local wind. The length- 
to-height ratio of waves varies from 
over 100 to 1 down to 7 to 1; below 
this the waves are unstable and break. 
Long swells exceeding, say 750 ft. and 
of moderate height are not dangerous 
provided that the wind component along 
the swell is less than 20 knots, for then 
the flying boat can run parallel to the 
wave crests. If the wind exceeds 20 
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THE FLYING BOAT 


knots, operation into wind is probably 
essential because of directional stability, 
drift and reserve buoyancy considera- 
tions. In contrast, severe impact loads 
and bouncing can occur in relatively 
short steep seas. A long shallow swell 
can also produce high accelerations if 
the craft is thrown off the crest. The 
most critical wavelength for any par- 
ticular hull appears to be between two 
and three times the hull length. If the 
sea has a predominant heavy swell in 
a given direction, it may be preferable 
to alight along the swell even when the 
local wind is on the beam. With suita- 
ble hull design it has been found possi- 
ble to alight safely in seas up to 9 ft. 
from trough to crest. 


In the United Kingdom theoretical 
estimates of peak accelerations have 
given values agreeing well with full- 
scale results obtained in calm and rough 
waters. This work has made it possible 
to approach, with confidence, an assess- 
ment of the impact loads necessary for 
the structural design of future flying 
boats. Calm water landings of a Sun- 
derland V, which recorded impact ac- 
celerations of 1.0 to 1.3 g. gave mean 
pressures between 12 and 15 lb. per 
square inch, with peak pressures of 
about 25 Ib. per square inch recorded 
locally. These pressures are of very 
short duration, of the order of % second. 
Tests on a Sikorsky S.43, showing a 
similar acceleration (1.3 g), recorded 
average bottom pressures of about 9 to 
10 Ib. per square inch, with peak pres- 
sures which vary from 15 lb. per square 
inch at the keel to 18 lb. per square inch 
at the chine. These values are rep- 
resentative of normal landing cases, but 
in rough seas, particularly with heavy 
swell, much higher accelerations have 
been recorded. In some notable tests 
recently made on a Mariner and Mars, 
where landings were made into excep- 
tionally heavy seas, acceleration as high 
as 5 g were measured. At the same time, 
rotational angular accelerations were 
recorded, sufficient to produce accom- 


panying acceleration at the bow or tail 
of 9 g and, in one case, 11 g. It is note- 
werthy that the structures of the two 
aircraft concerned were capable of with- 
standing the abnormal loads. It is un- 
usual, in normal practice, for accelera- 
tions to be developed which exceed 2.5 g 
at the center of gravity. 


Statistics of structure-weight per- 
centages covering the past ten years 
have shown that the upward trend, 
predicted by the square/cube law, has 
not so far been realized; in fact, the 
largest aircraft, in the 300,000 Ib. range, 
show a lower percentage than the aver- 
age medium-sized aircraft. Factors con- 
tributing to this are as follows. (i) The 
increase of wing loading with size: the 
maximum limit in wing loading has not 
yet been reached, and this assistance to 
weight alleviation will continue for fur- 
ther size increases. 


(ii) Materials of higher specific 
strength can be employed advantageously 
in large aircraft, where it pays to de- 
sign each part exactly to suit the load, 
whereas the size of many parts on small 
aircraft is decided by the necessity for 
handling or general sturdiness. 


(iii) In the past, lower strength fac- 
tors have been found to be permissible 
with large aircraft since, owing to the 
slower acceptable rate of control re- 
sponse, the accelerations to be met in 
flight are less. Recent gust require- 
ments, however, show a tendency to in- 
crease and new ideas on the cumulative 
effect of repeated loading may result in 
increases in structural weight. 


(iv) By more careful consideration 
being given to the disposition of the 
main structural members on large air- 
craft, it has been found possible to use 
material more economically. 


(v) A number of items included in 
the structure weight are common to all 
sizes of aircraft. 
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THE FLYING BOAT 


In modern designs of flying boats, 
the ratio of profile drag to all-up weight 
shows a progressive improvement as the 
size increases. This can be ascribed to 
the trend towards higher loading as size 


increases; the proportionately smaller . 
body surface area required to contain’ 


the payload; more easily controlled 
parasitic and interference drag; and, in 
the larger aircraft, the power plant can 
be buried. There is, therefore, much to 
be gained by increasing the size of air- 
craft. 


Flying boats should remain in the 
water for as long as possible, and all 
short-period maintenance work, refuel- 
ing, etc., should be done afloat. The 
floating pontoon dock appears to be the 
best solution to this problem, preferably 
U-shaped so that there is access to both 
sides of the boat. If the dock is con- 
nected to the shore it is relatively sim- 
ple to run refueling and electrical- 
supply lines to points on the dock. All 
loading and unloading can be done at 
the dock and facilities can be provided 
for maintenance access. All major over- 
haul work should, however, be done out 
of the water, at the maintenance base, 
which should have a slipway, hard 
standing, hangars and stores. It will 
also have a number of permanent pon- 
toon docks with all necessary supplies 
piped from the shore. Emergency bases, 
which could only be used infrequently, 
need not be equipped with more than 
fuel storage and means of supply. 


It is quite usual for flying boats to be 
landed at sea in emergency or for rescue 
purposes. By special design, regular 
landing in the open sea can be included 
in the aircraft’s military duties, thus 
extending considerably the localities in 
which the aircraft can be operated. 


Capability of long range is one of the 
flying boat’s most valuable assets. Fu- 
ture long-range aircraft will almost cer- 
tainly use propellers. The choice lies 
between propeller turbines, piston en- 
gines and compound engines. The pro- 


peller turbine is suitable for the trans- 
port aircraft where high-speed operation 
at high altitudes is permissible. This 
type of engine, however, lacks flexibility: 
in operation and a strict flight plan 
must be followed, using maximum cruis- 
ing power at the maximum altitude 
throughout the flight. The piston engine 
is obsolescent for long-range aircraft, 
although it still has a future for feeder- 
line aircraft or am>p‘1-:Lians. The newest 
development in the compound engine is 
exemplified in the Napier ‘“Nomad,” 
which has an exceptionally low specific 
consumption. Its flexibility makes it par- 
ticularly suitable for ocean-patrol flying 
boats which are required to operate 
over a wide range of altitude and speed. 


The transport of troops by air, prob- 
ably in converted civil air liners, will 
become universal in the future, not only 
because of the advantage in rapid rein- 
forcement but in order to eliminate the 
loss of effectiveness while troops are on 
long journeys by sea. 


Aircraft designed for passenger-car- 
rying are, however, incapable of accom- 
modating the equipment and supplies 
which must be available to the airborne 
troops. The transport flying boat ap- 
pears to be the answer to this problem, 
since it is virtually unrestricted in size 
and does not require prepared aero- 
dromes. Placing the main doors in the 
bows simplifies loading and makes it 
possible to use the flying boat as an 
assault craft, which can be run, bow 
first, on to a suitable beach. Flying 
boats of 330,000 Ib. total weight are soon 
to fly in Great Britain, and in America 
a boat of 450,000 Ib. has been built. The 
limiting factor in size in the future will 
probably be the availability of engine 
power and the difficulty of converting 
high shaft power efficiently into thrust. 
For this reason the author would set a 
limit to the upward rise in weight at 
abcut 600,000 Ib., for some time to come. 


The qualities the passenger will ex- 
pect in order to attract him to a par- 
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THE FLYING BOAT 


ticular airline are considered to be a 
smooth ride, short duration journey, 
quietness, and comfort. The smooth ride 
means operating at heights above 20,000 
to 25,000 ft. A short duration of flight 
calls for both a high cruising speed and 
long range, two attributes difficult to 
attain simultaneously. Without sufficient 
range, refueling stops must be made, 
which greatly reduce the average speed 
on the over-all journey. It is perhaps 
easier to obtain a quiet aircraft with 
propeller-turbine power plants than with 
other types of power; by the use of a 
large aircraft, the distances between 
sources of noise and the cabin walls can 
be increased, with beneficial results. The 
amount of comfort provided should in- 
crease with the duration of the trip. It 
has been found possible to meet many 
of these desired qualities in designing 
the Princess, by reason of its size and 
the use of propeller turbines, which 
show their most economical operation at 
high altitude and at relatively high speed. 


For medium ranges the jet aircraft 
can be a better economic proposition 
than a propeller-driven aircraft, espe- 
cially if a return journey can be made 
in one day on a route where the lower- 
speed aircraft can only schedule a 
oneway trip. It is thought that the jet- 
engined passenger aircraft will eventu- 
ally become universal for stage distances 
of 1000 tc 2000 miles. Fig. 4 shows a 
flying-boat project designed to operate 
on stage distances of about 1500 miles 
at a cruising speed of 450 m.p.h. The 
maximum take-off weight is 130,000 Ib. 
and the aircraft is fitted with six de 
Havilland Ghost engines. There does not 
appear to be a great gain in operating a 
passenger aircraft with a higher cruising 
speed than 500 m.p.h., and it is probable 
that future development will be in range 
and size. . 


Fie. 4. Am-Liner 


The operation of intruder-bomber 
flying-boat squadrons from remote parts 
of the world is being considered. By 
using improvised bases, the radius of 
action can be reduced to distances which 
permit the design to be primarily for 
speed. This form of bomber can also 
be used for minelaying. 


If a water-based fighter is to com- 
pete on equal terms with a land-based 
fighter, no concession can be made dur- 
ing flight to hydrodynamic require- 
ments. The conventional flying-boat hull 
must be discarded. Fortunately, the 
power necessary for high performance 
in flight makes it possible to adopt low- 
efficiency hydrodynamic systems for 
water operation, and to concentrate on 
a blending of the characteristics which 
contribute to both high-speed flight and 
satisfactory water behavior. Fig. 5 
shows the Convair solution for an attack 
fighter-bomber. Messrs. Saunders-Roe, 
Limited, have designed a high-speed 
water-based fighter, shown in Fig. 6, 
above, in which hydro-skis are used. 
Although capable of taking off from 
water, it is no longer a flying boat in 
form, In this design the jet engine has 
its air intake above the fuselage in a 
form of Pitot entry of high over-all 
efficiency. These water-based fighters 
illustrate the future possibilities of air- 
craft which are independent of runway 
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Fie. 5. Convarm” Wartsr-Basep DesiGn. 


construction and, therefore, are capable 
of use in any area of the world, pro- 
vided that there is sheltered water from 
which to operate. 


It has recently been announced in the 
United States that work has been initi- 
ated on an aircraft deriving its »ower 
from nuclear fission. Its initial 2 pplica- 
tion might well be associate) with a 
flying boat, for the following reasons. 
It is probably safe to assume that only 


the heat energy of nuclear reaction can 
be used and that vapor-driven turbine 
engines with propellers will form the 
power units in early installations. The 
weight of reactor unit, controls, and 
screening will be high. This part of the 
installation takes the place of the fuel 
load in the conventional aircraft. A 
very approximate approach to the air- 
craft weight indicates that for structure, 
engines, take-off assistance and useful 
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THE FLYING BOAT 


load, roughly 60 percent of the total 
weight will be required. Therefore, for 
a reactor unit weighing, say, 100 tons, 
an aircraft of from 500,000 Ib. to 600,000 
Ib. weight will be necessary. 


The atomic-powered aircraft will 
cruise at constant weight and power 
throughout the flight, and it can be 
assumed that, for economic reasons, the 
cruising power will approach the maxi- 
mum of which the plant is capable. As 
a consequence, for take-off and initial 
climb, assistance from some other form 
of energy, such as liquid rockets, will be 
necessary. In order to reduce power 
assistance as much as possible it will be 


wise to make the take-off from water, 


-where runway length is unrestricted. 


Since the weight of fuel consumed is, 
insignificant, the optimum aerodynamic 
conditions should prevail throughout the 
flight, and the take-off and landing 
weight will be the same. The possibility 
of landing flying boats at their take-off. 
weight has always been recognized as an 


acceptable maneuver. The unobstructed ° 


approach run, unrestricted landing area, 
and short run after touch-down reduce 
the landing hazard, and the shock-ab- 
sorbing properties of a V-bottom ensure 


low landing accelerations even at over- - 


load weights. 
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2: | IN RELATION TO BASIC ENGINEERING 
RESEARCH 


DR. ALAN T. WATERMAN 


THE AUTHOR 


Was born in Cornwall-on-Hudson, New York, in 1892. Received A.B., A.M., 
and Ph.D. degrees from Princeton University. "He was a physics instructor at 
Cincinnati University in 1916-17 and at Yale University from 1919 to 1922. From 
1923 to 1930 he was Assistant Professor of Physics at Yale, and in 1931 became 
Associate Professor. In 1927-28 he was a National Research Fellow in Physics 

at King’s College in London. In 1942 he became Vice-Chairman, Division D, 
National Research Defense Committee. From 1943 to 1945 he was Deputy Chief, 
Office of Field Service, Office of Scientific Research and Development, and in 
1945 became Chief of this Office. He became Chief Scientist, Office of Naval 
Research, Navy Department in 1946, which position he held until he was 
nominated to be the first Director of the new National Science Foundation in 
1951. He has been Chief Reader and Chief Examiner for physics, College En- 
trance Examination Board, since 1931. He is a fellow in A.A.A.S., The American 
Physical Society and the American Association of Physics Teachers; and a 
member of the American Association of University Professors, Phi Beta Kappa, 


and Sigma Xi. 


as an officer in the Army Signal Corps. 


As an author and as an editor he has made important scientific 
contributions to many technical journals. 


Dr. Waterman served in World War I 


After some five years of legislative 
debate in Congress, the National Science 
Foundation was brought into being by 
the National Science Foundation Act 
(Public Law 507—81st Congress) of 
May 10, 1950. The creation of this new 
agency marked a significant step by the 
Government in recognizing the impor- 
tance of science to our national life. It 
marked the establishment of an inde- 
pendent agency at the policy-making 
level of government to insure continu- 
ing support and emphasis to basic fe- 
search and education in the sciences. 


Although a number of federal agencies 
have sustained various types of research 
and development programs, some of 
which go back to a very early date in 
American history, there had never been 
a single agency charged with the spe- 
cific responsibility of developing and 
encouraging the pursuit of a national 
science policy toward the furtherance 
of progress in science itself. 

The Department of Defense, and par- 
ticularly the Office of Naval Research, 
may be proud of its record for support- 
ing basic research ‘in the sciences 
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through contracts with universities and 
other research institutions. The ONR 
program began in 1946. At the same 
time, other government research groups, 
such as those in the Department of 
Agriculture, were supporting certain 
scientific investigations. Normally, these 
research programs tend to emphasize 
research in fields related to the missions 
and objectives of the sponsoring organi- 
zations. These missions and objectives, 


therefore, are the limitations of each 
program, however large that program 
may be. In addition to encouraging 
such basic research programs, the Foun- 
dation has as its mission the growth 
and development of American science. 

An examination of the functions of 
The National Science Foundation, as 
enumerated by the Foundation Act, will 
indicate the number of ways in which 
its mission is unique. 


FUNCTIONS OF THE FOUNDATION 


The Foundation is authorized and di- 
rected— 

(1) to develop and encourage the pur- 
suit of a national policy for the promo- 
tion of basic research and education in 
the sciences. 

(2) to initiate and support basic re- 
search in the mathematical, physical, 
medical, biological, and engineering sci- 
ences and to appraise the impact of 
research upon industrial development 
and the general welfare. 

(3) to initiate and support at the re- 
quest of the Secretary of Defense spe- 
cific research activities. 

(4) to award scholarships and grad- 
uate fellowships in the mathematical, 
physical, medical, biological, and engi- 
neering sciences. 

(5) to foster the interchange of scien- 
tific information. 

(6) to evaluate scientific research un- 
dertaken by agencies of the Federal 
Government and to correlate the Foun- 
dation’s research programs with other 
such programs. 

(7) to maintain a register of scien- 
tific and technical personnel. 

(8) to cooperate in international sci- 
entific research activities. 

To fulfill these broad functions, four 
divisions were’ established within the 
National Science Foundation: a Divi- 
sion of Medical Research; a Division of 
Mathematical, Physical and Engineer- 
ing Sciences; a Division of Biological 


Sciences; and a Division of Scientific 
Personnel and Education. Bolstering the 
work of the research divisions are Divi- 
sional Committees appointed by the Na- 
tional Science Board, and Advisory 
Panels and Special Commissions ap- 
pointed by the Director. 


In its program of research support, 
the Foundation will make use of exist- 
ing facilities and, where appropriate, of 
experienced teams of investigators. It 
has no power to establish or operate 
laboratories of its own. The Founda- 
tion is concerned with the stimulation 
and encouragement of basic research 
as contrasted with applied research 
which, for the most part, enjoys abun- 
dant support. 


Heretofore two methods have been 
widely used by government agencies for 
financing research. One of these is the 
fixed-cost contract which requires that 
the cost of the work be estimated in 
advance in rather detailed form. Fur- 
thermore, it calls for a specified perform- 
ance for an agreed-upon compensation. 
The other method is the reimbursement- 
type contract which provides for com- 
pensation for all costs incurred in the 
accomplishment of the work. The latter 
type has been more widely used since 
World War II. Both methods require 
rather elaborate bookkeeping, cost- 
accounting, etc., on the part of the con- 
tract administrators and the research 
scientist or his institution. 
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The National Science Foundation. Act 
provides a large degree of freedom in 
the choice of means for supporting re- 
search, In most cases, such support is 
given through direct grants for the 
conduct of research. The typical grant 
instrument is exceedingly simple. Under 
it the research worker is not overbur- 
dened with bookkeeping. He agrees to 
carry on his research under a statement 
of aim and scope of the work. His per- 
formance is largely the result of his 
ability and integrity in carrying out 
his intentions. 

Since the Foundation does not plan to 
support programmatic research—that is 
research designed to answer specific 
problems, and since it judges proposals 
largely on the ability of the investigator 
and the scientific significance of the 
project, the grant seems particularly 
appropriate for the support of basic 
research by the Foundation. 

In the practice of both private and 
public institutions, a grant is a dona- 
tion of money, property, or other valu- 
able thing usually for the accomplish- 
ment of an agreed-upon purpose. Like 


the contract, the grant takes different 
forms depending upon the purpose to be 
achieved and the relationships estab- 
lished between parties. Typically, the 
grant is characterized by statements of 
objectives and essential undertakings. 
Emphasis is placed on informal under- 
standings, although legal protection 
against deception and noncompliance is 
preserved. It is anticipated that most 
National Science Foundation grants will 
be awarded to institutions for the work 
of individuals of demonstrated compe- 
tence. It has been found that investi- 
gators tend to submit proposals because 
of their keen interest in exploring some 
particular scientific area. At the same 
time they lack the means necessary to 
carry on the work with expectation of 
reasonably early results. 


The principal fields to which support 
will be given are, as implied by the 
structure of the Foundation: medical 
research, the biological sciences and the 
mathematical, physical and engineering 
sciences. The program in the latter 
fields is of chief interest to engineers. 


THE DIVISION OF MATHEMATICAL, PHYSICAL AND ENGINEERING SCIENCES 


The Division of Mathematical, Phy- 
sical and Engineering Sciences is the 
largest in scope of the four divisions. 
It is headed by Dr. Paul E. Klopsteg, 
who has been granted a leave of absence 
as Professor of Applied Science and 
Director of Research of the Northwest- 
ern Institute of Technology. Dr. Klop- 
steg has been with the National Science 
Foundation some four months, a rela- 
tively short time to get a research pro- 
gram underway. The operation of the 
division, therefore, is still in the forma- 
tive stages. Key personnel are still be- 
ing recruited for the program. In view 
of the enormous scope of the subject 
matter included in this division, the 
work has been subdivided into five cate- 


gories: (1) mathematics and astron- 
omy; (2) physics and theoretical me- 
chanics; (3) chemistry; (4) earth sci- 
ences; and (5) engineering and metal- 
lurgy. 

The fact that the National Science 
Foundation is directed to support basic 
research in engineering, which is spe- 
cifically labeled as a science along with 
the mathematical, physical, medical, and 
biological sciences, creates what appears 
at first glance to be a paradox. The 
world of science and technology has 
long been accustomed to think of basic 
research as one step in the process of 
research and development, and engi- 
neering as a much later step. Gano 
Dunn has, in fact, described engineer- 
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ing as “the art of the economic appli- 
cation of science to social purposes.” 


The idea of supporting basic research 
in engineering may not seem so para- 
doxical if one makes a new approach to 
the concept. A recent address by Dr. 
Klopsteg to the Engineering College 
Research Council takes this new tack. 
He said: 


Ideally, the scientist has but one 
aim: to penetrate and conquer the 
areas of ignorance and to annex the 
territory thus gained to the contigu- 
ous areas of knowledge. Perhaps this 
description may serve as a working 
definition for basic research; perhaps 
also it may help our thinking about 
basic research in engineering. If 
penetration and conquest of ignorance 
is an essential step in research, en- 
gineering may lay equal claim, with 
science, to the procedure; for science 
has no monopoly of that which is un- 
known. It seems quite unprofitable to 
try to write specifications for ignor- 
ance, or to subdivide it into areas. 
The point is that lack of knowledge 
about applications of scientific princi- 
ples to a particular situation is ignor- 
ance just as truly as is lack of knowl- 
edge of the principles to be applied. 
Hence it seems logical to take the 
position that research directed towards 
methods and procedures of applying 
knowledge towards useful ends is re- 
search as truly as that which seeks 
knowledge of science in the first in- 
stance. I am mindful, furthermore, 
that in seeking to devise procedures 
and methods of application, engineer- 
ing research must always be con- 
cerned with the economic and social 
aspects of its possible results. This 
makes the research no less basic. 


These are the broad ideas which 
underlie the plans for the National 
Science Foundation program for sup- 
porting basic research in engineering. 
Proposals for study in this area, as in 


other scientific areas supported by the 
Foundation, originate with the investi- 
gator. He states the problem, outlines 
the method of attack, and suggests the 
scientific implications. In the evaluation 
procedure much attention is paid to the 
competence of the investigator. 

Actually, in carrying on the work of 
The National Science Foundation, there 
are no strict rules or standards of meas- 
urement which can be applied to a spe- 
cific proposal to determine whether it is 
basic research. Each situation will be 
evaluated with the best judgment which 
can be brought to bear on it, and deci- 
sions reached in harmony with the broad 
objectives of the Foundation. It is the 
intent that basic research in engineering 
be supported, whether or not the sub- 
jects to be investigated bear the spe- 
cific label “engineering.” 

Some examples of the subjects in en- 
gineering in which basic research may 
lead to significant knowledge include: 

Transient flow in porous media. 

Fatigue characteristics of engineer- 
ing materials under conditions of vari- 
able cycle loading. 

Fluid friction in unsteady motion. 

Surface temperature of sliding sur- 
faces. 

Theoretical study of detached shock 
waves. 

Study of the earth as a thermal 
source and sink. 

Solar energy studies. 

Diffusion in liquids near the critical 
point. 

Influence of ultrasonics and micro- 
waves on chemical reaction rates. 

Theoretical studies of interaction 
phenomena of electric charges and 
electromagnetic fields. 

Properties of wave guides, wave 
guide filters. 

Power measurement at radio and 
microwave frequencies. 

New methods of performing mathe- 
matical operations with electronic 
computers. 
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Intermetallic compounds as _ high 
temperature materials. 

Correlation of crystal structure of 
refractories with thermal shock prop- 
erties. 

Correlation of dielectric properties 
of mica with crystal structures. 


Plastic flow and stresses within the 
grain of metals. 


Oxidation of metals at high tem- 
peratures and pressures. 

Application of measurement and 
control to research problems in vari- 
ous sciences. 


THE DIVISION OF SCIENTIFIC PERSONNEL AND EDUCATION 


The current shortage in engineering 
manpower is, of course, well known. 
This is a principal concern of the Divi- 
sion of Scientific Personnel and Educa- 
tion, headed by Dr. Harry C. Kelly. 
Dr. Kelly was formerly Chief Scientist 
of the Office of Naval Research Chicago 
Office, and prior to that Chief of the 
Scientific and Technical Division which 
advised General MacArthur on the de- 
velopment of a scientific and technical 
program for Japan. 


The Division is responsible for the 
development and administration of pro- 
grams relative to the granting of grad- 
uate fellowships in the various sciences. 
The Foundation hopes, by means of its 
graduate fellowship program, to be able 
to augment, at as early a date as possi- 
ble, the supply of scientific manpower. 
As of January 1951, some three thou- 
sand fellowship applications were re- 
ceived, from which five hundred fellow- 
ships will be awarded for the 1952-53 
academic year. It is hoped that, for the 
following academic year, this program 
can be expanded considerably. 


The degree to which the defense pro- 
gram may be limited by insufficient num- 
bers of trained scientists and engineers 
is a matter of national concern. In 
August, 1951, Charles E. Wilson, Di- 
rector of Defense Mobilization, issued 
a strong statement calling attention to 


the critical nature of the problem. After 
stating that the supply of scientific and 
engineering graduates in 1951 was less 
than half that needed to man America’s 
economic and defense program ade- 
quately, Mr. Wilson suggested three 
important ways in which the shortage 
could be remedied: 


(1) Government, industry and educa- 
tional institutions, must make the 
most effective possible use of those 
persons who have scientific and 
technical training. 


(2) Educational institutions should 
develop counseling programs to 
train a larger number of men and 
women in these fields. 


(3) Industry and government should 
develop on-the-job training pro- 
grams and cooperative training 
programs with educational insti- 
tutions through which employed 
persons will receive scientific and 
technical training. 


The National Science Foundation has 
already started the necessary surveys 
and analyses to provide a basis for a 
sound and realistic national policy for 
science and science education. At the 
same time, the fellowship program in 
the mathematical, physical, medical, bio- 
logical, and engineering sciences will in 
part relieve the present manpower short- 
age. 
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METAL ECONOMICS 
SCRAP RECLAMATION, SECONDARY 
METALS, AND SUBSTITUTE METALS 


The Scope for Conservation of Metals, 
Ferrous and Non-Ferrous 


BY C. A. BRISTOW, B.SC., A.R.S.M., A. J. SIDERY, ASSOC. MET., and 
H. SUTTON, D.SC., OF THE MINISTRY OF SUPPLY 


NavaL ENGINEERS. 
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Metal economy can usefully start in 
the design stage. It is specially impor- 
tant that each particular product be con- 
sidered critically in such ways as the 
following : 


(a) Can the required performance 
be secured with the use of materials 
that are less difficult to obtain? 


(b) Does the design include any- 
where material which could be eco- 
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nomically excluded as being in excess 
of what is really required ? 

(c) Can a less wasteful method of 
production be employed, without or 
with practicable modifications of de- 
sign? 

(d) If good protection against cor- 
rosion or better resistance to creep 
were reasonably practicable, could 
less metal be used to produce a satis- 
factory or superior article? 
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FERROUS MATERIALS 


The shortage of alloy additions to 
steel emphasizes the importance of the 
use, wherever possible, of low-alloy 
steels. The situation regarding alloy 
additions in steel differs somewhat from 
that prevailing during the last world 
war, but the experience gained then 
should assist greatly. The compositions 
of these steels in the light of informa- 
tion on current and prospective avail- 
ability of the different ferro-alloys and 
additions, and the properties attainable 
by suitable and special techniques of 
steel-making, working, and heat-treat- 
ments in relation to sections of different 
mass will undoubtedly receive much 
study by manufacturers and users. Re- 
design and intensive testing are involved 
for many applications. 


Low-tungsten high-speed steels or cut- 
ting materials free from tungsten, if 
capable of extensive use, would greatly 
relieve the difficult tungsten position. 

In connection with stainless and heat- 
resistant steels, recent important devel- 
opments will contribute substantially 


NON-FERROUS 


Copper, zinc, aluminum, and lead are 
the non-ferrous materials produced in 
greatest quantity, and for each of them, 
with the exception possibly of aluminum, 
demand at present exceeds supply. Alu- 
minum has already found applications 
which, if it were not available, would 
require larger amounts of other mate- 
rials for duties which, in many cases, 
are performed more effectively by alu- 
minum. 


Large amounts of copper are used in 
condensers for power plants. If alu- 
minum or aluminum alloys can be used 
here, without corrosion problems for 
the user, much copper can be applied 
to other uses. The use of aluminum in- 
stead of copper for bus bars would 
seem to be obvious. 


towards economy in the use of niobium, 
except in cases where welding or ex- 
posure to high temperature, or both, are 
concerned. The practicability and effi- 
cacy of low carbon content, and the 
value of titanium as a stabilizer, are 
well recognized by metallurgists, but 
possibly not yet sufficiently appreciated 
by engineers. In view of the special 
properties of niobium and of the very 
limited amount available, it is impor- 
tant that it should be used only in essen- 
tial applications, such as in heat-resist- 
ing steels and alloys and welding ma- 
terials. 


In the gas-turbine field substantial 
economies have already been achieved 
in alloying metals by the use of ferritic 
materials for discs—a development made 
possible by. engineering design. Further 
economies may be realizable, but for 
special applications, such as gas turbines 
and steam plant, strong claims for the 
special elements used in. heat-resistant 
materials will undoubtedly call for re- 
nunciation in other fields.. 


MATERIALS 


In the cable and conductor field the 
increasing use of syntheti¢ materials, 
such as polyethylene, protected by a 
light sheathing of aluminum instead of 
lead, is a matter of necessity. Battery 
plates made in lead alloys” having im- 
proved mechanical properties appear 
likely to save lead, though ‘performance 
in service is an important part of these 
developments. 

An interesting development is the in- 
troduction of organic adhesives for join- 
ing metals to replace riveting and weld- 
ing. Reinforced plastics, impregnated 
timber, etc., as structural materials are 
undergoing intensive study. Further 
economies in the use of valuable metals 
can be effected by the wider application 
of reinforced plastics as bearing and 
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gear materials. The successful applica- 
tion of plastics to replace metals calls, 


however, for very careful consideration 
by the designer. 


SCRAP SEGREGATION AND RECOVERY 


Increasing efficiency in the use of scrap 
and used material must be achieved. 
Miller forecasts that, unless an expan- 
sion of the production of low-grade 
alloys from scrap is achieved, it will be 
necessary to consider the adoption of 
processes for the treatment of scrap to 
recover the constituent metals in a high 
state of purity. 


During the last world war, and to 
some extent since, scrap segregation, 
making possible efficient re-use of the 
material, proved of great advantage. 


Color markings for scrap from par- 
ticular groups of light alloys or steels 
permitted the recovery of large amounts 
of valuable material. There is scope for 
much more action on these lines, thereby 
saving labor as well as material. In 
connection with the identification of 
alloys for secondary handling, a great 
deal of information and experience is 
available, ranging from rapid tests made 
in simple ways to the more elaborate 
analytical methods, including spectro- 
graphy. Fewer different alloy specifica- 
tions would help in this direction. 


CORROSION LOSSES 


Uhlig has estimated the value of the 
direct annual loss by corrosion and in 
combating corrosion in U.S.A. to be of 
the order of 5500 million dollars, and 
J. C. Hudson puts the loss in connec- 
tion with corrosion and protection of 
iron and steel in the United Kingdom 
at £200 million annually. In many cases 
the engineer has to face risks of great 
consequential expenditure that may arise 
from a failure by corrosion and tends to 
over-design his pipes or other equipment 


to reduce that risk. Renewals made 
necessary by corrosion are not the only 
serious aspect of the subject, but these 
alone account for substantial demands 
for the metals involved. Great economies 
have been achieved in particular fields 
by the development and use of corro- 
sion-resistant materials and of improved 
methods of protection of industrial 
metals. These aspects of protective coat- 
ings for metals have recently been pre- 
sented by U. R. Evans. 


THE FORWARD VIEW 


Few indeed are the industrial metals 
for which there is encouragement to 
hope for greatly or rapidly increased 
rates of world production. Of the ele- 
ments present in substantial amount in 
the earth’s crust, silicon has hitherto 
defied the attempts which have been 
made to render it ductile. Ductile, work- 
able silicon or silicon-rich alloys might 
do much to relieve present and pros- 
pective demands for industrial metals 
and alloys. 


Aluminum is nearly a thousand times 
as abundant as copper in the earth’s 


crust, and is one of the metals likely in 
future years to be called upon to serve 
mankind to a much greater extent than 
at present. 


Magnesium is nearly 250 times as 
abundant as copper, and the raw mate- 
rial which is the main source of the 
metal in the U.S.A. and the United 
Kingdom is sea-water. Sea-water con- 
tains about 1272 mg. of magnesium per 
kilogram, and Teed mentions that a 
cubic mile of ocean water contains about 
5,400,000 tons of magnesium. Present 
world production is on a much smaller 
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scale than for aluminum, but magnesium 
could be manufactured in much greater 
amounts than at present. Modern mag- 
nesium alloys have working properties, 
mechanical properties, and durability 
such as to make them capable of much 
more extensive use in general engineer- 
ing and many other applications. Alloys 
of high resistance to corrosion are now 
available in cast and wrought forms. 


Titanium is about 65 times as abun- 
dant as copper in the earth’s crust. Its 
oxide is an article of commerce, the 
amount now produced per day in the 
pigment industry in America being 
equivalent to 300 tons of metallic titani- 
um content. The metal itself possesses 
very good corrosion-resistance and gen- 


eral mechanical properties. Titanium 
alloys of various types are known which 
offer good corrosion-resistance and gen- 
eral mechanical properties comparable 
with those of high-tensile steels. The 
low density (4.5-4.6 g./c.c.) of these 
materials, coupled with their general 
properties, claims for them a consider- 
able future as materials of construc- 
tion. Production of titanium is at pres- 
ent on a small scale, but is being 
advanced rapidly in the U.S.A. Im- 
portant research and development work 
is in progress in the U.S.A., the United 
Kingdom, and other countries. 


The authors thank the Chief Scientist, 
Ministry of Supply, for permission to 
present this paper. 


Economy by Standardization of Alloys and of the 
Method of Reclamation of Scrap Metals 


BY C. DINSDALE, M.SC., RAILWAY EXECUTIVE, EASTERN AND 
NORTH EASTERN REGIONS 


British Railways are substantial users 
of many kinds of ferrous and non- 
ferrous metals and alloys. Up to 1948 
the four main-line railway companies 
were each using metals—especially non- 
ferrous ones—with widely differing 
compositions for the same component. 
Non-ferrous metal reclamation policy 
also varied. For many reasons it is 
most desirable, and indeed essential, 
that in future all Regions shall use, if 
at all possible, the same metal for the 
same purpose. 


British Railways are at present using 
between 20,000 and 30,000 tons of non- 
ferrous metals and alloys each year on 
their rolling stock alone. The most re- 
cent ex-L.N.E. Class A.1 locomotive, 
for example, contains nearly 5% tons of 
non-ferrous metals and alloys: 3% tons 
of copper firebox plates and stays, 38 


cwt. of bronze axle-boxes, 3 cwt. of 
bronze boiler mountings, 2 cwt. of 
bronze bushes and bearings, and 100 lb. 
of white metal being the main items. In 
addition, non-ferrous metals are used by 
the civil engineer in buildings, by the 
signal and telegraph engineer for cables 
and telephones, and by the electrical en- 
gineer for transmission purposes and for 
overhead wiring and bonds on electri- 
fied systems. 


Nationalization of the British main- 
line railway companies as a result of the 
Transport Act, 1947, made it essential 
that standard non-ferrous metals and 
practices should exist in all regions, and 
in 1948 the member of the Railway 
Executive for Mechanical and Electrical 
Engineering set up a Committee to in- 
vestigate the matter. A brief account of 
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TaBLe X V.—Bronzes and Brasses for Future Use. 


Nominal Chemical Composition, % 
loy Main Uses Notes 
Cu Sn Pb Zn | Others 
Phosphor- 87.5 12 P 0.15 | Slide valves (superheated engines); | B.S. 1400-PB2 
bronze (min.) unlined bushes; machinery bushes 
and details. 
Leaded 67.5 5 26 Ni 1.5 | Slide valves (saturated engines); reg- 
bronze ulating valves (grid type). 
Leaded gun- | 86 7 2 5 Steam and boiler mountings; axle- | B.S. 1400-LG3 
metal boxes, lined bushes and brasses; 
carriage and wagon bearings, &c. 
Yellow brass | 66 a 2 32 Name and number plates; carriage | B.S. 1400-B3 
fittings, &c. 
Brazing 90 e Hi 10 Fittings which are to be brazed on to 
metal copper or steel pipe. 


this Committee’s main findings and rec- 
ommendations is as follows: 


(a) Cast Bronze and Brasses—The 
large majority of the bronze and brass 
castings required for British Railways’ 
rolling stock and machinery are made in 
the Railway Executive’s 17 “brass” 
foundries, a total of some 11,000 tons 
of non-ferrous castings being produced 
annually. In 1948 these foundries be- 
tween them were casting 37 copper-base 
alloys, each of which had a different 
composition. Fourteen mixtures were 
being used in small quantities only (less 
than 10 tons of each per year), while 
the two most important were 85:5:5:5 
leaded gunmetal (over 4000 tons, or 
about 40% of the total) and 134% 
tin bronze (3500 tons, about 35%). In 
addition, a further alloy was specified 
for certain purchased wagon bearing 
shells. 


The five alloys listed in Table XV 
were recommended by the Committee, 
and have already been introduced in all 
Railway Executive foundries for the 
bronze and brass castings which are 
made for use on rolling stock and ma- 
chinery. 

It will be noticed that the 85:5:5:5 
leaded gunmetal has not been included in 


this new list. Although large quantities of 
that alloy have been used for many years 


in locomotive construction, it was con- 
sidered that a somewhat harder and 
better-wearing bronze was required, 
especially for components such as boiler 
mountings and axle-boxes. It is hoped 
that the 7% tin leaded gun-metal will 
give this increased life and so justify its 
extra cost. Certain axle-box trials are 
being made in the Eastern and North 
Eastern Regions using 7% tin leaded 
gun-metal instead of the 134% tin 
alloy which has been the standard for 
many years, and also with the high- 
leaded bronze for slide valves. If the 
new alloys can be used successfully for 
the purposes suggested, complete stand- 
ardization will have been achieved and 
a list of 38 bronze and brass castings 
alloys reduced to five. 


(b) White Metals—The Railway 
Executive probably owns between 6000 
and 7000 tons of various white-metal 
alloys. In 1948 some 18 white-metal 
alloys with 13 different compositions 
were being used for lining such com- 
ponents as locomotive and tender axle- 
boxes, bushes and brasses, eccentric 
straps, crossheads, and carriage and 
wagon bearing shells. The white metals 
being used, however, fell into four well- 
defined groups, viz: (1) high-tin, lead- 
free, (2) high-tin, low-lead, (3) inter- 
mediate or tin-lead-base, and (4) 
leadbase alloys. 
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TasBLE X VI.—Chemical Composition of 
White Metals. 


High- | High- 
Tin, | Tin, | Lead-| Lead 
Type of Alloy Lead-| Low- | Tin | Base 
Free | Lead | Base 
TR 84-86 | 80-85 | 58-60 | 11-13 
Antimony, %........ | | 9-11) 12-14 
0.2 O- 5 | 27-29} «3.5- 
may 75.5 
Copper, % .. . 4- 6| 4 6| 2-4} 0-1 


Max. total impurities, 
% (excluding lead)..| 0.30 | 0.30 | 0.35 | 0.40 
Aluminum shall not 


Arsenic shall not ex- 


Iron shall not exczed..| 0. 
Zinc shall not exceed. .| 0 


It was considered that, as a first step 
towards standardization, the number of 
compositions used should be reduced to 
four, one metal being specified to cover 
each of the four groups. The composi- 
tions of the four alloys now standard 
are those in Table XVI. 


A practice which uses only one metal 
for all bearings is obviously attractive, 
owing to the simplicity of ‘ining prac- 
tice, scrap segregation, and storekeeping 
of ingot metal. The present high price 
of tin, however, immediately rules out 
the introduction of the 80% tin metal 
for all locomotive, carriage, and wagon 
bearings; and even the universal use of 
60% tin white metal would involve the 
Railway Executive in additional ex- 
penditure. At present, therefore, exten- 
sive trials are being carried out on all 
Regions with the use of these lower-tin- 
content white metals on locomotive, 
tender, carriage, and wagon bearings. 


(c) Packing Metals ——Although much 
cast iron and non-metallic material is 
used for such purposes as piston-rod 
and piston-valve-rod packing, seven non- 
ferrous alloys were also in use. 


The three alloys listed in Table X VII 
have now been introduced for the pur- 
poses indicated. The financial savings 
are, however, not large, as the quanti- 
ties involved are small. 


TaBL_eE X VII.—Metallic Packing. 


Nominal 
Type of Chemical Typical Use 
Alloy Composition, % 


Antimonial | Antimony 20 Piston--od and pis- 
lead Lead 80 ton - vaive - rod 

packing; satu- 

rated engines. 


Copper-lead | Copper 37 Piston-rod and pnis- 
Lead 


: 61 ton - valve - rod 
Nickel 1.25 packing; super- 

Sulphur 0.75 heated engines. 
Leaded- poo 67.5 Piston-rod, piston- 
bronze Lea 26 valve-rod and 
Ti McNamee rack- 


in 5 
Nickel 1.5 ing; superheated 
engines. 


(d) Wreught Metals—There was al- 
ready considerable agreement among the 
Regions both as to the composition of 
the wrought non-ferrous metals being 
used in the construction of rolling stock 
and the purposes for which they are 
used. This was undoubtedly due to the 
fact that well-known and _ long-estab- 
lished British Standards existed for 
these materials, viz. B.S. 24, Part 5, 
B.S. 218, B.S. 249, etc. 


(e) Solders and Brazing Metals— 
In the main, the composition and uses 
of soft solders and brazing metals used 
were based on the appropriate British 
Standard, e.g., 219 (soft solders), 263 
(brazing spelter), and 206 (silver sol- 
der), but in a few instances solders with 
other compositions were being made and 
used. Small amounts of proprietary 
brazing materials were being used. 
Some 70 tons of soft solders are made 
each year in Railway Executive shops 
and 20 tons purchased. About 15 tons 
of brazing solder and % cwt. of silver 
solder are also bought. 


As British Standards exist, or will 
shortly be issued, for most grades of 
soft and silver solders and brazing 
metals, the Railway Executive have not 
found it necessary to issue many of 
their own specifications for this class of 
material. 
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exceed.............| 0.05 | 0.05 0.05 0.05 
ceed..............| 0.10 | 0.10 | 0.15 | 0.20 
Bismuth shall not ex- 
ceed..............| 0.08 | 0.08 | 0.08 | 0.08 | 
mmOS5 | 0.05 | 0.05 | 0.05 
) 
| 
l 
| 


(£) Aluminum and Magnesium Alloys. 
—Although for many years certain Con- 
tinental and American systems have 
made considerable use of light alloys in 
rolling-stock construction, in this coun- 
try comparatively little use is being 
made of such alloys. “Alpax” vacuum 
and steam-heater pipes and connections, 
aluminum alloy castings for the road- 
motor department, foundry patterns and 
aluminum alloy carriage fittings appear 
to be the main uses. Where aluminum 
alloy was used in the wrought form for 
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rolling-stock construction, it was only in 
an experimental stage. 

When light alloys are required, the 
material will be ordered to a British 
Standard specification. 

(g) Schedule of Non-Ferrous Metals 
and Alloys—For the use of Railway 
Executive designers, metallurgists, etc., 
the Committee compiled a “Schedule of 
Non-Ferrous Metals and Alloys.” This 
was along the lines of the B.S./S.T.A.7 
Schedule, and contained details of the 
chemical composition, mechanical prop- 
erties, and uses of all the standard alloys. 


IRON AND STEEL 


A further Policy Committee has been 
formed to recommend specifications for 
steels for rolling stock, etc., but, as 
most of the steels used previously were 
in accordance with the British Stand- 
ards, the resulting standardization will 


not be so spectacular as in the case of 
some non-ferrous metals. Most grey 
cast-iron mixtures already include a high 
percentage of returned scrap, sometimes 
up to 95%, and further economies are 
not expected to be great. 


RECLAMATION AND RENOVATION OF NON-FERROUS SCRAP 


British Railways differ from most 
other engineering concerns in that their 
non-ferrous metals are in constant cir- 
culation throughout their own system, 
returning periodically to the workshops 
either for re-use or for scrapping. It is 
estimated that 27,000 tons of non-ferrous 
metal scrap are produced each year by 
British Railways as the result of ma- 
chining operations and breaking-up and 
repairing programs. 


It is clear that under such conditions 
the reclamation and renovation for re- 
use of as much of this non-ferrous scrap 
as possible is an economic proposition, 
as the quantities of expensive virgin 
metals and alloys which would have 
otherwise to be purchased are thereby 
much reduced. It is therefore not sur- 
prising that all the former main-line 
companies carried out in their own 
workshops a certain amount of recla- 
mation and renovation of those types of 


scrap which do not have to undergo 
complicated refining processes or re- 
quire expensive plant. The L.M.S.R. 
had developed scrap reclamation to a 
high degree, and had in being a system- 
atic scheme of scrap collection and 
segregation, together with a Central 
Reclamation Depot at Derby, which 
dealt with non-ferrous scrap from all 
departments. Established in 1933, this 
depot. is treating annually nearly 4000 
tons of non-ferrous scrap; white metal, 
packing metal, brass and bronze turn- 
ings and castings, zinc sheet, lead sheet 
and pipe, copper wire and cable, white- 
metal dross, shop sweepings, etc., are 
all being dealt with. Over 1500 tons of 
renovated white-metal ingots and 1500 
tons of brass and bronze ingots are pro- 
duced each year. The other Regions all 
carried out a certain amount of reclama- 
tion, but had not developed the process 
to such an extent as had the London 
Midland. 
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Inquiries by the Committee showed 
that some 80 different varieties of non- 
ferrous scrap are encountered in Rail- 
way Executive workshops and stores. 
As different terms were being used in 
the various Regions for what appeared 
to be the same type of scrap, the Com- 
mittee recommended that standard terms 
be used and drew up a schedule listing 
the type of scrap, how and where it 
arose, its present description, and the 
term recommended for future use. These 
standard terms have now been intro- 
duced and are in regular use. 


Of the 27,000 tons of non-ferrous 
scrap produced in Railway Executive 
shops annually, some 12,000 are sold and 
the remainder used again by them. Sur- 
plus non-ferrous metal scrap and resi- 
dues are accumulated in the stores at 
each main works, being segregated ac- 
cording to a standard classification. 


The author wishes to thank Mr. R. A. 
Riddles, the member of the Railway 
Executive for Mechanical and Electrical 
Engineering, for permission to present 
this paper. 


The Influence of Specifications on Productivity and the 
Economic Utilization of Ferrous 
and Non-Ferrous Metals 


BY F. HUDSON OF THE MOND NICKEL CO., LTD. 


I shall try to correlate some of the 
more important aspects associated with 
the influence of specifications on pro- 
ductivity and the supply position, and to 
indicate one or two factors of major 
importance common to the subject as 
a whole.. 


Before maximum productivity can be 
obtained, in conjunction with the most 
efficient use of available raw materials, 
consideration must be given to the 
greater use of simplification, standard- 
ization, and specialization methods, so 
that manufacturing operations can be 
properly planned. According to the 
British Productivity Report “Simplifi- 
cation in Industry” these terms can be 
defined as follows: 


Simplification is the process of re- 
ducing the number of types and vari- 
eties of products made. 


Standardization is the process of 
organizing agreement on (i) a stand- 
ard for a particular product, range of 
products, or procedure, and (ii) the 
application of that standard. A stand- 


ard is a definition with reference to 
performance, quality, composition, di- 
mensions, or method of manufacture 
or testing. 


Specialization is the application of 
particular productive resources exclu- 
sively to the manufacture of a narrow 
range of products. 


Simplification standardization 
must go hand in hand, since too many 
specifications may be just as bad as 
none at all so far as efficient production 
methods are concerned. An endeavor 
should therefore be made to plan produc- 
tion so that the minimum number of 
standard metals and alloys is required. 
The ideal would be the use of one metal 
or alloy, a condition which may be diffi- 
cult to obtain in many factories. 


In British Standard 970 (1947), cov- 
ering wrought steels for use up to 6-in. 
rolling section for automobile and gen- 
eral engineering purposes, some 137 
steels are listed. Are all of these really 
necessary? British Standard Schedule 
1400 (1948), covering copper alloy in- 
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gots and castings, outlines 23 different 
alloys for castings. The bulk of indus- 
trial requirements for castings can prob- 
ably be met by 10 copper-base alloys, 
and these can be readily grouped into 7 
main types for production purposes. 
Agreement regarding tolerances on cer- 
tain elements, normally considered as 
impurities, would reduce the number of 
alloys required still further. The sim- 
plification of alloys in this way assists 
productivity in both melting shop and 
foundry and aids the subsequent recla- 
mation of scrap. Those responsible for 
the drafting of future standard specifica- 
tions should keep this point particularly 
in mind. It is interesting to note in this 
connection that the full use of simplifica- 
tion methods has led to a reduction in 
the number of alloys employed in 
America. In the plants visited last year 
by the British Brassfoundry Productiv- 
ity Team, approximately 75% of the 
total output of castings was in 85:5:5:5 
gun-metal. 


Manufacturers should take every op- 
portunity of educating users of metal 
products to appreciate factors which 
promote high productivity, namely the 
use of a limited number of standard 
alloys and the importance of ordering 
components of the same design in suffi- 
cient quantity, so that mass-production 
methods may be employed. Users of 
metal articles should try to apply sim- 
plification methods to their products to 
the utmost possible extent. While it is 
not always possible to reduce the variety 
of finished products, many components 
making up the whole can often be made 
identical, enabling sub-assemblies of one 
particular part of the final assembly to 
be produced in greater quantities. 


The next most important factors in 
obtaining increased productivity in con- 
junction with the best use of available 
materials are undoubtedly design and 
quality control. Specifications in most 
cases cover only the quality of the metal 
in a test-bar, and this is of limited value 
to the engineer in designing a structure 


composed of rolled, forged, stamped, or 
cast components. There is particular 
need for greater attention to be given 
to the quality of castings, and for ‘re- 
search on the relation between test-bar 
and casting. Designers and engineers 
today appreciate that neither integral 
nor separately cast test-bars normally 
exhibit mechanical properties representa- 
tive of the casting. When designing 
castings the engineer therefore increases 
his section to ensure an adequate factor 
of safety. This obviously increases the 
weight of the casting and the amount of 
metal required. In discussing this mat- 
ter with a firm of marine engineers of 
international repute, I was told that the 
design of bronze and gun-metal castings 
was based on 50% of the specified test- 
bar properties. In other words, the cast- 
ings were twice as thick and twice as 
heavy as they need have been had the 
founder been able to produce castings 
having similar properties to those obtain- 
able from separately cast test-bars. The 
production of castings of better quality, 
enabling designers to reduce the section 
and weight, will obviously lead to sub- 
stantial economy in the use of metal. 


The problem is, however, a long-term 
one. It is hoped that every brassfounder 
will give this matter serious attention, 
as indicated in a paper on “The Me- 
chanical Properties of Some Copper- 
Base Alloy Castings,” presented to the 
Institute of British Foundrymen by the 
Technical Committee of the Association 
of Bronze and Brass Founders in 1949. 
In that report it is suggested that im- 
provements in the quality of cast prod- 
ucts may be sought along several lines. 
First, by co-operation between designer 
and manufacturer with a view to evolv- 
ing designs which will meet the design- 
er’s requirements and at the same time 
be conducive to the production of a 
sound casting. Secondly, by improve- 
ment in manufacturing technique de- 
rived from the results of fundamental 
research, allied with manufacturing ex- 
perience. Thirdly, by research which 
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promotes a better understanding of the 
casting characteristics of the materials, 
and to provide materials with improved 
casting characteristics. 


Incidentally, the results given in the 
paper to which I refer support the belief 
that alloys with long freezing ranges, 
such as bronze and gun-metal, are liable 
to contain dispersed porosity which 
lowers their mechanical properties, 
while castings in alloys with a short 
freezing range, such as_high-tensile 
brass and aluminum bronze, can be made 
completely sound and with properties 
equal to those of separately cast test- 
bars, provided the metal is not gassy and 
that the castings are properly fed. It 
might be suggested, therefore, that, to 
make the best use of available supplies 
of metal, wherever design and service 
conditions permit centrifugal and chill- 
casting methods should be used for the 
production of bronze and gun-metal 
castings, and greater consideration given 
to the use of high-strength alloys. This 
will enable the founder to produce cast- 
ings with superior mechanical proper- 
ties, which the designer can utilize for 
reducing section and weight. 


In order to obtain increased produc- 
tivity from available supplies of metal, 
it is essential that founders should use 
metal more economically. This can be 
brought about by the production of cast- 
ings of higher quality, enabling engi- 
neers and designers to reduce section 
and weight. Furthermore, this increase 


in quality must be obtained wherever 
possible by a reduction in the number 
of defective castings produced. In order 
to attain this ideal, brassfounders must 
give greater attention to the technical 
control of casting quality. To cover this 
subject fully would require a separate 
paper, and at the moment it is possible 
only to make brief mention of one or 
two of the more important production 
factors which merit careful considera- 
tion. 


These factors include: (i) more gen- 
eral use of degassing: niethods in con- 
junction with the development of a 
rapid control test to assess melt quality ; 
(ii) more effective control of pouring 
temperatures; (iii) more effective con- 
trol of the properties of moulding and 
core sands; (iv) improvements in run- 
ning and feeding methods; and (v) the 
adoption of a standard inspection pro- 
cedure, such as that covered by B.S. 
1367 (1947) based on the assessment of 
actual casting quality,-as distinct from 
the use of separately or integrally cast 
test-bars. Incidentally, some action on 
this last point is badly needed, as at the 
moment manufacturers have to deal with 
many inspecting bodies, each having its 
own particular inspection requirements, 
and this does not assist either produc- 
tivity or the economic utilization of 
metals. It would be a great help if we 
could have one standard inspection sys- 
tem which would be acceptable to all 
inspecting bodies. 


Secondary Heavy Metals 


BY E. H. JONES OF CAPPER PASS AND SON, LTD., BRISTOL 


Cost of work versus value of metal 
determines the limits of both primary 
and secondary recovery, but no mini- 
mum concentration of general applica- 
tion can be calculated. Variation in the 
scale of operations possible and the 
chemical and physical state of the raw 


material are very important factors; for 
instance, the average discard slag of the 
tin smelter is often higher than the ores 
before initial concentration. Although 
it is likely that prices will continue to 
rise relative to the cost of work, and 
that the latter will also be lowered by 
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technical advance, it is possible to make 
a rough division into recoverable and 
irrecoverable fractions. Only after a 
metal has been put to some use can it 
really be considered secondary, but since 
the cycling load of residues from smelt- 
ing and fabricating operations is very 
large, and as secondary smelters treat 
considerable quantities of by-products 
from primary sources, the usual figures 
given are often misleading. 


It is, however, possible to divide con- 
sumption into categories for most heavy 
metals in the U.S.A. and United King- 
dom, usually for many years. An esti- 
mate of the average life of equipment 
containing the metals in onc form or 
another can be made from standard 
depreciation tables and from trade in- 
quiries. Where “old” scrap figures are 
given in statistics, these can then be 
related to the period of consumption 
and a fraction obtained representing 
what has been’ recovered (Table 
XVIII). It is possible to check the re- 
sults to some extent by comparing those 
for different metals in the same alloy. 
The fraction recovered, multiplied by the 
consumption during the period calculated 
for the average time in use, will give 


XVIII.—Consumption and 
Recovery of Heavy Metals. 


Total 
Ele- | Al- |Coat-| Com- | Re- 
ment, ings, | pounds,| cov- 
% 2 | % % ered, 
% 
Tin Used 4 46 48 2 an 
Recov- 
ered 2 24 6 0 32 
Copper | Used 57 39 4 
Recov- 
ered | 38 20 0 58 
Zinc Used 7 45 35 13 as 
Recov- 
ered 4 25 0 0 29 
Lead Used 40 | 40 20 
Recov- 
ered | 32 28 0 60 
Anti- Used 60 40 
mony | Recov- 
ered 45 0 45 


TaBLe XIX.—Recoverable Stock of 
Heavy Metals in Use. 


(Million tons) 


Cop- Anti- 
Tin per | Zinc | Lead | mony 
Author's esti- 
40 il 32 0.5 
Wegner’s esti- 


the total recoverable stock under present 
economic conditions (Table XIX). 
Wegner has estimated the amount left 
after deducting loss by corrosion and 
wear from the total amount mined. His 
figures are given for copper, lead, and 
zinc; they appear high, especially that 
for zinc, but both sets of figures in 
Table XIX can be taken only as giving 
some idea of the amounts involved. The 
differences represent the secondary mar- 
ginal reserves; an increase in price not 
only cuts consumption but increases col- 
lection from these reserves almost im- 
mediately. 


The concentration of these stocks is 
not uniform; the U.S.A. must be in- 
creasing its holding as the other coun- 
tries press manufactured articles on it 
in return for its highly desirable cur- 
rency. All figures relate only to the free 
world. 


Consumption, other than stockpiling, 
including secondaries is: 


2,800,000 ” 
Antimony ........ 50,000 ” 


The use of secondary tin in alloys is 
around 60% of the total, but some of 
this is derived from the detinning of tin- 
plate. Adjusting for this, it would seem 
that some 50% of the tin used in alloys 
is lost. This appears very high, but tin 
alloys, especially solders, are used in 
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small portions at a time and are, there- 
fore, well dispersed. 


For zinc the figures given for coatings 
will appear low if referred to published 
statistics; this is because the tonnage 
delivered to galvanizers is some 20% 
higher than that sold on their products, 
owing to the redistillation of about this 


fraction from residues, mainly hard 
spelter, produced during galvanizing. 
The figure for recovery from zinc alloys 
is not too sound; it is too early to esti- 
mate the fraction for die-casting metal. 
Brass is the traditional metal for small 
articles such as screws, fittings, cheap 
jewelry, etc. This will tend to lower the 
fraction of alloys recoverable. 


COMPOUNDS 


It will be seen that salts are con- 
siderable fractions and these are almost 
wholly lost. There are exceptions: for 
example, zinc used as blue powder as a 
reducing agent is mostly returned, al- 
though it then usually ends as pigment 
and is finally lost; litharge, if used as 
paste in storage battery manufacture, is 
recovered as metal. These uses have not 
been included in the compound fractions. 
Normally, a very large proportion is 
made from metal that has already been 
used as element or alloy; much low- 
grade brass is converted into copper sul- 
phate and lithopone. As the price rises, 
substitution is almost automatic in most 
cases, but so far no fungicide with all 


the desirable properties of copper-con- 
taining mixtures has been found, and it 
seems that lead tetraethyl will continue 
to be used, even with lead at many 
times today’s price, until the Diesel or 
the internal-combustion turbine replaces 
the high-compression petrol engine. This 
use of lead has increased in the last 
quarter of a century to about 10% of 
the total consumption and, since the 
metal is very effectively dispersed, no 
recovery is possible. If the use con- 
tinues and increases with greater use 
of motor transport, it could in the end 
become the only large-scale use of lead 
until the adoption of alternative forms 
of prime-mover became general. 


COATINGS 


Although plating with nickel and sil- 
ver is done for the sake of appearance, 
most coatings are applied to protect a 
metal with desired structural proper- 
ties from corrosion. An exception is 
gilding metal on steel, used in small- 
arms ammunition, where the backing 
metal is used mainly to economize in 
the use of the other. In the case of 
alloys, the extent of secondary recovery 
depends very much on the size of the 
article, since this determines the diffi- 
culty of collection after use; but in the 
case of coatings the general use of steel 
as the backing metal adds the magnet 
as a collecting tool, and the proportion 
recovered is decided by other factors. 
These are so varied that it will be 


clearer to deal with the main coated 
products individually. 


Collection of scrap tinplate, including 
old cans, is well organized, and the re- 


turn of tin and steel is a significant 


fraction of the total consumption. As 
there is no method of removing small 
amounts of tin from steel, it must be 
stripped from the plate before melting 
in the open-hearth furnace. Two proc- 
esses are used, one depending on the 
volatilization of tin chloride and the 
other on the solution of tin in caustic 
soda. While metallic tin could be re- 
covered by the chloride process, this 
process is normally used only to the 
extent that there is a demand for tin 
chlorides as mordants or reducing agents, 
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and the metal is ultimately lost. The 
caustic-soda method yields metallic tin, 
and is the process used for most detin- 
ning. 


It will be seen that the operation will 
be economic only if the value of the 
coating for unit area exceeds a certain 
minimum, this in turn being decided 
by the price of tin and the thickness. 
Should the value fall too low the scrap 
would remain untreated and, as the coat- 
ing may still be too high to be tolerated 
by the mild-steel maker, both tin and 
iron would be lost. Assuming that 20% 
of the tinplate used is recovered when 
the average coating makes detinning 
just economical, a cut in the thickness 
by less than 20% would actually in- 
crease the net loss of tin. It is also 
apparent that a fall in the price of tin 
would necessitate an increase of coating 
thickness to avoid the same result; in 
normal circumstances this would, of 
course, occur, although there would be 
a rather long time-lag. 


The value of the coating on galvan- 
ized iron has never been high enough to 
warrant dezincing on the lines of detin- 
ning operations, but there are also two 
other significant differences ; the coating 
is to some extent sacrificed during use, 
and its removal at the steelworks is rela- 
tively easy. Zinc used in galvanizing is 
likely to continue to be lost; if the price 
rose very high it might pay to treat the 


ALLOYS AND 


Except in the case of elemental zinc, 
corrosion and wear are probably not the 
cause of serious loss. Indeed, not all 
the products of corrosion are lost; they 
may adhere to the surface, or be col- 
lected, as in the case of lead sulphate 
from chemical plants, the metal content 
being recovered by the _ secondary 
smelter. 


The proportion ultimately recovered 
of the metal used as the element, or as 
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material in open-hearth furnaces to 
make steel and a zincy fume, but the 
volume of gas to be treated per unit of 
zinc would be very large. Cadmium 
plating is mainly electrolytic and, al- 
though the price of the metal is very 
high, the coating is thin; nevertheless, 
if cadmium-plated articles were in more 
general use or not so widely dispersed, 
a leaching method of recovery would 
be economically possible. 


The replacement of cupro-nickel by 
steel-backed gilding metal (copper 90%, 
zinc 10%), as with the bullet envelope 
in small-arms ammunition, brought re- 
covery problems. Since only bullets col- 
lected at practice butts are recovered, 
the saving of copper and nickel must 
have been considerable, but the scrap 
strip from which the blanks had been 
punched, and the wasters, could no 
longer be re-melted and re-rolled. AlI- 
though during the war at least two proc- 
esses were recommended specifically to 
separate and recover the copper and 
iron, most of the scrap was used as flux 
in lead smelting with the formation of 
a leady copper matte, the copper ending 
as copper sulphate and the iron as sili- 
cate in the slag. There is no doubt that, 
with an assured supply warranting the 
investment in plant, either of the two 
processes mentioned above would have 
been much more efficient, but war is 
still considered a temporary state of 
affairs. 


ELEMENTS 


an alloy of which it is a major constitu- 
ent, depends mainly on the size of the 
article manufactured. A very easy meth- 
od of conserving, say, copper would be 
for the United Nations to insist that 
no end-use product of copper, brass or 
bronze should weigh less than a pound. 
The effect would be chaotic, but there is 
no doubt that the method would appeal 
to modern governments much more than 
the traditional one of allowing the price 
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to increase. Copper and zinc in screws, 
nuts and bolts, locks, keys, furniture 
fittings, and such small items must be 
written off as almost wholly lost. 


The collected scrap can be divided 
into two main categories: (i) clean 
pieces that can be re-melted and, after 
adjustment of composition, cast into in- 
gots for return to the fabricator; and 
(ii) material that by design or accident 
has become attached to other metals or 
inorganic materials so firmly that phy- 
sical separation is difficult or impossible. 
The latter are smelted, and during the 
operation some of the metal is lost. 
Sometimes in the case of alloys the 
whole of one constituent may be wasted ; 
for example, the presence of steel in- 
serts, screws, etc., in brass articles has 
in the past caused considerable disper- 
sion of zinc into the atmosphere. Even 
today, when most copper smelters’ fume 
is collected, a process for the removal 
of iron from brasses and bronzes would 
save much metal and an even greater 
value in metallurgical work. 


Smelting removes non-metallics, alu- 
minum, magnesium, and some zinc in 
the slag, and volatilizes zinc and cad- 
mium which are caught as an impure 
fume. The metallic product will nor- 
mally be an impure mixture and, if this 
can be refined and adjusted to a market- 
able alloy,-the loss and work will na- 
turally be less than if the elements have 
to be produced to ensure sale. The alloy 
must normally meet some specification 
or other and, if the maximum metal is 
to be regained from scrap, it is essential 
that such specifications should be real- 
istic. A very low limit put on, say, iron 
or nickel in brass, bronze, or solder, or 
on bismuth in lead alloys, because it is 
safer in the absence of information 
about the amount that could be tolerated 
without deleterious effects, wastes both 
work and metal. 


The introduction of new alloys con- 
taining elements that were not previ- 


ously used in the same range can in- 


crease the problems of the secondary 
smelter very considerably. Even if the 
greatest care is taken in segregation 
during collection, some mixing of scrap 
and residues is inevitable, and the abnor- 
mal elements must be removed by metal- 
lurgical means before an alloy of use as 
a basis for a salable range can be ob- 
tained. Examples are the use of nickel 
in bearing metals, tellurium in lead, and 
arsenic and silver in solders. 


The effect of relative prices not only 
of the metals but of fuel, power, labor, 
etc., on the adjustment of the smelters’ 
flowsheet, is considerable. When the 
price of zinc is low, the lead smelter will 
use it to remove impurities and ulti- 
mately lose it in slag; aluminum will be 
used to remove antimony from solder, 
instead of the more laborious process of 
liquation or fluoborate electrolysis. The 
optimum economic metal content of dis- 
carded residues, whether the slag of 
copper, tin, and lead smelting, or the 
retort residue in the case of zinc, is a 
varying equilibrium between value of re- 
covery and cost of work done, and is the 
subject of constant calculation. It has 
been truly said that a smelter should 
never finally throw away anything, since 
the concentrations in Nature are being 
steadily exhausted and the relative value 
of the metal increasing. Dumps of slag 
and residues then become valuable re- 
serves. | 


The secondary smelter very rarely 
treats only materials that have been used 
by the community; much of its raw ma- 
terial consists of complex concentrations 
of by-products from primary plants, and 
quite often complex minerals as well. 
The plant.must be as flexible as pdssi- 
ble and, therefore, the tonnages pro- 
duced relative to the size of the enter- 
prise seem very small compared to those 
of the primary smelter. The great vari- 
ation in feed makes the production of a 
range of elements and alloys necessary, 
although usually these are kept to a 
minimum by selling by-products to other 
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refiners. A convenient and competitive 
outlet for materials not suitable for 
treatment at the producer’s plant is of 
great value. A comprehensive extractive 
metallurgical industry, comprising many 
plants each specializing in some field, 
was an important factor in the success 
of German pre-war secondary smelting. 


There is scope for very considerable 
technical improvement; the treatment of 
complex arsenides is alone worth study, 


but it is doubtful whether the difference 
between present technique and perfection 
would materially alter the rate at which 
man is scattering the metals under re- 
view beyond practical recovery. This 
need not worry us unduly; for most uses 
there are economically possible substi- 
tutes for each of these metals: reserves, 
primary and secondary, are sufficient to 
supply the remaining uses for a time 
stretching well beyond that within our 
power to foresee. 


Secondary Aluminum and Magnesium 


BY COLONEL W. C. DEVEREUX, C.B.E., MANAGING DIRECTOR, 
ALMIN, LTD.; CHAIRMAN, INTERNATIONAL ALLOYS, LTD. 


The production of secondary light 
metals and alloys from scrap and waste 
materials, as an integrated and scientific- 
ally controlled industrial process, was 
somewhat delayed in this country. In 
the U.S.A. and Germany, the basis of 
such an industry had been laid during 
the 1914-18 war, and by 1926 secondary 
aluminum in the U.S.A. had reached an 
estimated annual production of 44,000 
tons. 


The United Kingdom secondary alu- 
minum industry as we know it today did 
not really get under way until the early 
thirties. In those days the consumption 
of aluminum in the United Kingdom was 
relatively small—about 20,000 tons of 
primary metal a year, out of a world 
total of 180,000 tons. Moreover, con- 
sumption in earlier years had been even 
smaller, so that the arisings of old scrap 
had not then been large enough to sus- 
tain a separate secondary industry. 
Once started, however, the secondary 
smelting industry advanced rapidly. At 
first the smelters had to content them- 


selves with supplying second-grade foun- 
dry alloys and deoxidizing material and 
with exports; but by 1935 they had 
reached a production of about 10,000- 
12,000 tons a year. 


By a vigilant policy of laboratory con- 
trol of quality, they patiently set about 
overcoming the prejudices against their 
products, and by the outbreak of the 
recent war it was generally accepted 
that secondary alloys were metallurgic- 
ally equivalent to those made from pri- 
mary material. The advent of the war 
brought about a complete change in the 
status of the industry, which now as- 
sumed a role of great importance and, 
although the discriminatory clauses were 
not removed from official specifications 
until after the war, they were tacitly 
ignored. Table XX _ shows production 
and consumption since 1940, when 32,000 
tons of secondary metal were used. Since 
the war its use has continued to increase, 
reaching a record yearly rate of about 
130,000 tons in the first half of 1951— 
over a third of the total raw material 
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used by the aluminum fabricating indus- 
try. In terms of money this represents 
about £14 million. 


The recovery of magnesium alloys 
from scrap had meanwhile also made 


progress. No statistical data are avail- 
able, but it is estimated that of the total 
consumption, which at present is at the 
rate of 5500 tons per year, something be- 
tween a quarter and a third is met by 
recovery from scrap. 


TABLE XX.—Production and Consumption of Secondary Aluminum in 
United Kingdom. 


Secondary Production, Aluminium Consumption, Per- 
tons tons or 
Year Second- 
Second- ary 
Smelters | MPRD’s* Total Virgin ary Total Used 
37,000T 900t 37,900 102,300 32,200 134,500 24 
50, 2,900 53,200 116,800 49 165,800 
75, 3,500 78,800 195,300 63, 259,100 25 
87,700 5,800 93,500 208,200 85,500 293,700 29 
Ah: oases 95,900 8,600 104,500 150,100 71,700 221,800 32 
61,900 19,100 81,000 94,900 51,200 46, 35 
dei 48,600 26,300 74,900 114,600 82, 197,200 42 
63,700 33,900 97,600 159,200 107,500 266,700 40 
oy 63,300 16,800 80,100 173,700 69, 243,100 
68,600 6,600 75,200 178,600 68,400 247,000 28 
86,400 86,400 181,400 93,800 275,200 
89,300 89,300 185,300 131,800 317,100 42 


* Ministry of Supply Recovery Plants. 
timated 


Estimated as twice the figure for January-June 1951. 


SORTING OF SCRAP 


Hand sorting of large pieces of scrap 
is still done mainly by experienced but 
not technically trained workers, with the 
support of a few very simple tests. The 
so-called spot tests for identification of 
alloys have not found use as routine 
tests in sorting single pieces, as they 
are still too slow for this purpose. Re- 
cently, instruments have been developed 
which seem to offer possibilities of com- 
paring in a few seconds the electrical 
and magnetic properties of alloys. Per- 
haps these instruments will in future 
become useful in routine sorting in spe- 
cial cases. A very striking improvement 
in sorting efficiency has been effected by 
one company by putting a skilled chem- 
ist on the job to guide and support the 
sorters with various tests and_ better 
general technical knowledge. 


Sorting of small pieces can be eco- 
nomical only if it is mechanized, and so 
far is limited to magnetic separation of 
ferrous metals. Obviously there is great 
scope for further inventions in this field. 
Large-scale experiments with mechan- 
ized sorting on the sink-and-float princi- 
ple were technically successful, but the 
present market situation does not per- 
mit exploitation of the process. 

For composite structures containing 
light metal parts and other metals, sort- 
ing before the melting operation is often 
impracticable, and separation is effected 
by the use of liquation furnaces; a meth- 
od which has been used on a large scale 
for aircraft scrap. As the use of’ the 
liquation furnace seems now “ firmly 
established, it will be interesting td com- 
pare views on the most suitable designs. 


659 


t 

r 

€ 

d 

r 

e 

1, 

e 

is 

y 

n 

0 

e, 

it 

al 

|| 


METAL ECONOMICS 


MELTING AND METALLURGICAL TREATMENT 


On the question of furnace equipment 
there is at present a division of opinion 
about the merits and limitations of the 
rotary furnace, which is built with ca- 
pacities between 1 and 8 tons, and re- 
verberatory furnace, which generally 
covers the range between 10 and 25 tons 
capacity. The Americans, with their 
generally larger output and their strong 
interest in mechanizing charging and 
pouring operations, have set themselves 
to adapting the reverberatory furnace to 
intensive flux treatment as necessary for 
the melting of scrap, and have produced 
very useful furnace designs. On the 
other hand, in Europe the rotary fur- 
nace, with its short melting cycle and 
great flexibility, is firmly established. 
The two methods have been compared 
recently by a mission of European spe- 
cialists sent to America by O.E.E.C., 
‘and it is‘hoped that a useful clarification 
of opinions on this point will arise from 
their reports. 


A recent development in the melting 
equipment is the use of low-frequency 
induction furnace for melting many 
kinds of scrap, including turnings, as 
long as they are fairly clean. This 
equipment has been operated mainly in 
Germany and America, and apparently 
has given good results in production. 


Refining of aluminum and magnesium 
in the classic sense, i.e., for production 
of pure aluminum or magnesium, is at 
the present time technically possible but 
not economically justified, since, as a 
rule, all the metallic material available 
can be incorporated into useful alloys. 
The scope of the present refining tech- 
nique is, therefore, confined to the eli- 
mination of metallic inclusions, oxide, 
etc., and of gases, the treatment con- 
sisting essentially of melting under a 


flux the action of which is to lift the 
oxide from the liquid melt by surface- 
tension forces and to keep it enveloped 
in slag. It has been shown that solu- 
tion of oxide in the slag does not play 
any appreciable part in the slag treat- 
ment either of aluminum or of mag- 
nesium. 


The only industrial refining operation 
in the more classic sense is the elimina- 
tion of magnesium from aluminum al- 
loys. The removal of other alloying ele- 
ments is not at the moment economical. 


High-class technical, and especially 
analytical, laboratory control is essential 
in all stages of scrap recovery, sorting, 
blending, furnace control, and release. 
Requirements in precision of analysis in 
secondary-metal production are often 
higher than in producing alloy from 
virgin material. As a consequence, the 
art of analysis, especially of aluminum, 
has received valuable contributions from 
the work of the laboratories of the re- 
melting industry. 


The production of secondary magne- 
sium alloys proceeds technically on simi- 
lar lines to the production of secondary 
aluminum alloys, with the well-known 
differences in fluxing and melting treat- 
ment. This applies to the more com- 
pact forms of scrap. Turnings and 
sawings can be re-melted with due pre- 
cautions, but, apart from the flux. con- 
sumption, the economy of this recovery 
is reduced by the precautions to be taken 
in storing and transporting this mate- 
rial, which is more sensitive to the influ- 
ence of air and moisture than the corre- 
sponding aluminum scrap. The recovery 
of magnesium from skimmings and 
grindings is not practicable at the mo- 
ment. 
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SCRAP ARISINGS 


By no means all the scrap metal re- 
covered is handled by the secondary 
smelters. There is always in the works 
of the fabricators a large amount of 
scrap runners and risers, discards, sheet 
clippings, etc., which nowadays never 
comes on to the market at all, but which 
goes straight back into the furnaces with 
the primary material. Material of this 
kind is termed process scrap. 


New scrap is scrap arising at the 
second stage of manufacture, i.e., in the 
works of the users of semi-manufactures. 
The quality of this scrap ranges from 
fairly massive and therefore readily 
identifiable forms, such as off-cuts from 
sheet and extruded sections, and scrapped 
castings, to machine-shop swarf and 
turnings. Not all this is available to the 
secondary industry, owing to special ar- 
rangements sometimes made by fabri- 
cators w.ih their larger customers for 
the return of the more solid types of 
scrap. Since the turnover of this scrap 
is fairly rapid, the quantity available 
bears a fairly constant relatinnship to 
the scale of activity of the fabricating 
industry. This is true also of dross, 
skimmings, grindings, etc., which, al- 
though strictly coming under the head- 
ing of new scrap, require such special- 
ized treatment that they constitute a 
separate class of their own, and are 
almost all handled by the remelting in- 
dustry. 


The third main group of scrap is old 
scrap, i.e, arisings from obsolete, dam- 
aged, or worn-out machinery, structures, 
utensils, etc. It also includes the special 
class of aircraft scrap. 


The question of what proportions of 
our secondary metals derive from new 
and old scrap respectively is interesting 
and important to the study of future 
trends. New scrap arisings are directly 
related to the scale of use of aluminum 
at any given time and bear a fairly con- 
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TasBL—E XXI.—Production of Secondary 
Aluminum in U.S.A. 


(Short tons) 
Year From New Scrap| From Old Scrap 
1935-1939. ... 16,000 35,000 

(average) 

16,200 37,800 
34,600 45,800 
63,700 43,100 
302,700 22, 
271,100 27,300 
181,000 163,800 

191,100 95,000 
136,200 44,600 


stant relationship to it, although this 
proportion is not fixed absolutely. If 
anything, it tends to fall as efficiency of 
utilization increases, a point well illus- 
trated by the reduction in the proportion 
of turnings arising as the use of die- 
castings increases at the expense of 
sand castings. Unfortunately, we have 
no accurate statistics on this point, 
though we may learn something from 
ti.: U.S. figures shown in Tables XXI 
ana XXII. 


It will be seen that in the pre-war 
years about 70% of secondary metal in 
the U.S.A. derived from old scrap, but 
that since then the proportion of new 


TABLE XXII.—Consumption of Scrap by 
Remelters, Smelters, and Refiners in 
U.S.A., in 1949. 


(Short tons ) 
New Old 

Source Scrap | Scrap 
Pure clippings, wire foil, etc.....| 9,618 273 
Castings, forgings.............. 14,310 | 12,027 
Scrap sheet, sheet utensils... ... 5,900 

Borings and turnings........... 27,532 °F 
Wrecked aircraft.......... 10,188 
Miscellaneous and dross. ....... 12,798 | 12,288 
di dey 85,285 | 43,187 
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scrap has exceeded old scrap by a con- 
siderable margin. This is to be expected, 
since in 1935-39 the fabrication of alu- 
minum was increasing only slowly, while 
expansion since then has been very great 
indeed. The really interesting thing 
about these figures is the trend of the 


old scrap figures. There is the effect of 
the scrap drive in 1940-42, and the 
shortage in 1943-45 as a result thereof. 
Note also the great increase in 1945-48, 
when aircraft scrap was used in large 
quantities, and the apparent return to 
normality in 1949, 


SUPPLY AND DEMAND 


Generally speaking, the relation of 
supply to demand for scrap and second- 
ary metal follows the same lines as for 
other basic commodities, being perhaps 
among the items most sensitive to eco- 
nomic conditions. While production of 
fabricated products rises, scrap arisings 
tend to fall behind demand because of 
their relation to the smaller scale of 
earlier production. Conversely, it would 
appear that a surplus of scrap should 
arise when production decreases, be- 
cause the process scrap from previous 
larger output flows back to be combined 
with the present smaller production as 
shown in Table XXIII. It must be ad- 
mitted that this is not borne out by the 
events of the past six years, but then 
special measures were adopted to utilize 
the accumulated aircraft scrap, for in- 
stance, by inclusion in the aluminum 
houses of which vast quantities were 
sold, much to our regret at the moment. 


In an interesting article written in 
1944, Korn calculated that there may 
come a time in the distant future when, 
under stable conditions of aluminum con- 
sumption, 75% of the total demand for 
aluminum could be supplied from sec- 
ondary metal. We are not concerned 
here to look so very far ahead, but it is 
a suggestion of how the importance of 
secondary metal will tend to increase. 
At present in most industrial countries 
the proportion of secondary ‘metal, ex- 


TaBLe XXIII.—Aluminum Scrap Aris- 
ings and Consumption in the 
United Kingdom. 


Arisings 
Total as Pro- 
sings, sump- tion o irgin an 
Year tons tion, | Virginand| Second- 
tons Second- | ary Con- 
ary,* tons | sumntion, 
1941 66,700 59,400 165,800 
1942 97,300 91,700 | 259,100 38 
1943 121,800 110,900 | 293,700 41 
1944 125,400 123,500 | 221,800 57 
1945 71,000 83,200 | 146,100 49 
1946 73,700 70,200 197,200 37 
1947 118,300 92,300 | 266,700 
1948 131,100 102,100 | 243,100 54 
1949 99,900 104,500 | 247,000 40 
1950 92,800 118,500 | 275,209 34 
1951t| 93,200 110,300 | 317,100 29 


* This total is somewhat in excess of actual con- 
sumption, since secondary output contains some 
virgin metal which is therefore included twice. 
However, although in the present circumstances 
this is higher than usual, the proportion of virgin 
metal is normally well below 10%. 


+ Estimated as twice the figure for January-June 
1951. 


cluding process scrap, incorporated into 
the total aluminum consumption tends to 
be around 30%, as shown in Tabl 
XXIV. 


Over-all United Kingdom production 
of secondary ingot since 1940 has been 
in excess of consumption, so that sub- 
stantial stocks were built up, amounting 
to 118,000 tons at the end of 1949, In 
the last year, however, consumption has 
increased sharply and currently stocks 
are being consumed at the rate of about 
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TaBLE XXIV.—Proportion of Second- 
ary Metal in Aluminum Consumption of 
Various Countries. 


(In 1000 metric tons) 


Total Primary 
and Secondary| Secondary Per cent. 
Consumption | Consumption | Secondary 


1948) 1949) 1950/1948) 1949) 1950) 1948) 1949) 1950 


883 |742 |1082/261 |164 |265 | 30 | 22 | 24 
Total 

0.E.E.C. 

490 |566*|163 |140 |170*) 30 | 29 | 31 
ni 

Kingdom . .|245 |250 |278 | 69 | 69 | 94 | 28 | 28 | 34 
France... .. ./104 | 68 | 74*| 25 | 20 | 20%) 24 | 29 | 27 
Germany... .| 75 | 59 | 75*| 42 | 23 | 30°] 56 | 39 | 40 


Sources: For European countries, O0.E.E.C. reports. For 
United States, Bureau of Mines. For United Kingdom, 
Ministry of Supply Light Metal Statistics. 

* Estimated. 


40,000 tons a year, at which rate stocks 
will be exhausted by the end of 1952, if 
not before. 


A similar situation exists in the case 
of scrap arisings. Excluding arisings of 
aircraft scrap consumed at government 
scrap-recovery plant, the excess of aris- 
ings over consumption from 1941 to 
July 1951, was about 30,000 tons. At 
the current rate of excess of consump- 
tion over arisings of about 20,000 tons a 
year, this source will soon be exhausted. 
If the rate of scrap arisings were to re- 
main as at present, i.e., about 95,000 
tons, then the production of secondary 
aluminum would be limited to about 
82,000 tons, i.e., about 8,000 téns below 
the rate in the first half of 1951 and 
nearly 50,000 tons below the current rate 
of consumption. These figures must not 
be taken too literally, as experience has 
shown that more scrap can usually be 
found when the time comes to “scrape 
the barrel”; but it is certain that even 
if the smelters can somehow maintain 
the present rate of output, the amount 
available for consumption must fall con- 
siderably. 


What makes attempts at accurate fore- 
casts very unreliable is the dynamic 
nature of such a young industry as ours, 
particularly in regard to the constantly 
changing pattern of the uses of alumi- 
num. Before the war a very high pro- 
portion of the aluminum used went into 
machines of moderate life-span, e. g., 
motor vehicles, aircraft, etc., whereas 
some important post-war applications 
have been developed in which aluminum 
was chosen partly because of the very 
long life-span it offers. In particular, I 
would mention building applications, 
which have consumed about 250,000 tons 
since 1945. It will be many years before 
material so used will come on the mar- 
ket as scrap. Such uses are, however, 
balanced to some extent from the sec- 
ondary point of view by a rapid rise of 
some very short-life uses, particularly 
in the packaging industry, but to exploit 
this potential source of scrap presents 
very considerable difficulties. 


Since 1948 the use of aluminum for 
packaging has more than doubled. It is 
currently running at about 30,000 tons 
a year. Assuming 70% of this actually 
goes into food cans, bottle lids and caps, 
foil wrappings, etc., there is some 20,000 
tons of potential scrap which should 
arise within a year or two of manufac- 
ture. This scrap is the most difficult to 
collect, relying mainly on collection by 
local authorities, charitable and volun- 
tary organizations, hospitals, etc. How- 
ever, this is potentially worth something 
like £1% million a year, and seems 
likely to increase, so that it might be 
worth while considering expenditure of 
a few thousand pounds a year in pro- 
paganda to make the public aware of 
the importance of this and other forms 
of household scrap as dollar savers and 
to encourage their segregation and col- 
lection. 
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INFLUENCE OF EXPORT DRIVE 


The high rate of export of manufac- 
tured goods has a very profound influ- 
ence on the arisings of scrap, since many 
of the commodities for which there are 
the largest export markets use large 
quantities of aluminum, e.g., motor ve- 
hicles, vacuum cleaners, washing ma- 
chines, etc. Road vehicles, for example, 
are among the largest users of alumi- 
num alloys and before the war scrapped 
motor cars and components provided 
substantial quantities of material for 
secondary smelters. 


Road vehicles consume nearly 50,000 
tons of aluminum semi-manufactures a 
year. If we assume that 80% goes into 
the finished vehicle, then almost 40,000 
tons is sent out of the country every 
year, leaving only 10,000 tons as poten- 
tial arisings when the vehicles are 
scrapped, although, of course, with the 
present shortage of vehicles at home, we 
shall have to wait a long time for this. 
The actual arisings now are but a frac- 
tion of this figure, being about a quarter 
of the arisings from this source before 
the war, in spite of a 100% increase in 
vehicle production. 


From these considerations it appears 
that we must anticipate a shortage of 


scrap during the next few years. The 
abnormally high rate of consumption of 
old scrap made possible by the channel- 
ing of all aluminum into short-lived 
structures during the war, the necessity 
to limit dollar imports, the high rate of 
indirect export of aluminum, the devel- 
opment of long-life uses of the past few 
years, the difficulty of collecting short- 
life scrap, and the current rearmament 
program all tend to reduce the scrap 
arisings or increase demand. 


In the long run, the more virgin alu- 
minum that is used the greater the po- 
tential scrap arisings, but in the im- 
mediate future it is difficult to see how a 
falling off in supplies can be avoided 
unless drastic steps are taken to improve 
the efficiency of scrap collections and 
utilization. This is not a matter which 
concerns the scrap merchants and sec- 
ondary smelters alone. As_ previous 
speakers have emphasized, the utiliza- 
tion of scrap.is an important factor in 
the national economy. Improved utiliza- 
tion requires the wholehearted coopera- 
tion of the fabricating industry and all 
users of light metals in scrap segrega- 
tion and collection and the elimination 
of wasteful methods of remelting. 
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DESIGN FEATURES OF A 250-KW 
GAS-TURBINE ENGINE 


“Mechanical Engineering.” 
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CHARACTERISTICS 


In its present state of development, 
the simple-cycle, non-regenerative, gas- 
turbine engine is ideally suited to appli- 
cations where weight and space must be 
kept to a minimum and where the 
utilization factor is low, making fuel con- 
sumption a secondary factor. An appli- 
cation having these general requirements 
is found in the gas-turbine engine as a 
prime mover for a shipboard emergency 
generator set. In addition to the gen- 
erally recognized advantages of reduced 
size and weight, a gas-turbine-engine 
generator set for naval use offers cer- 
tain other potential advantages over 
conventional reciprocating engine sets 
which are as follows: 


(a) A smaller number of parts sim- 
plifies the maintenance and spare- 
parts problem. 

(b) The set can operate without 
cooling water. 

(c) The high-frequency noise can 
be attenuated significantly by a sim- 
ple means. 


By 1947 the practicability of the gas- 
turbine had been established, largely in 
the field of aircraft propulsion, and the 
conclusion was reached by the Depart- 
ment of the Navy, Bureau of Ships, that 
the advantages offered by the gas-tur- 
bine-engine emergency generator as out- 
lined warranted development of such a 
unit. Accordingly, specifications for 
competitive bids were issued with the 
requirements as given in Table 1. 


In order to utilize new developments 
and configurations to the greatest ex- 
tent, no restrictions on design features 
or methods of construction were im- 
posed. The present gas-turbine engine 
for an emergency generator set was 
planned for installation in a ship being 
constructed by the Bath Iron Works 
Corporation with Gibbs. and Cox, Inc., 
New York, N. Y., acting as design 
agent. In June, 1947, a Gibbs and Cox 
purchase order for this engine (desig- 
nated the T-400) was awarded to Solar 
Aircraft Company, San Diego, Calif. 
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TABLE 1.—REQUIREMENTS FOR GAS-TURBINE-ENGINE EMERGENCY GENERATOR SET. 


Electrical outpat, Kw. 


Air-inlet temperature, deg. F.: 
Normal 


Exhaust back pressure, in H,O max... 
Fuel 
Starting medium 
Starting time, standstill to full load, 

sec. max. 
Control 


Speed governing: 
Steady state, percent.............. 
Transient, percent 
Recovery time, sec. max............ 
Life 


Sound level 
Maximum inclination: 
Permanent 


Rolling 
Pitching 


The basic gas-turbine engine was 
completed and initially run in Septem- 
ber, 1949. Following a development pro- 
gram during which certain design 
changes were incorporated and acces- 
sories and controls were completed and 
tested, the power plant was delivered 
in June, 1950, for further testing at the 
U.S. Naval Engineering Experiment 
Station, Annapolis, Md. Operational 
testing at the Experiment Station was 
begun in August, 1950, and concluded 
in February, 1951, at which time the 
gas-turbine engine was delivered to the 
shipyard for installation. 


The air-flow diagram, Fig. 1, shows 
the sequence of components in the gas- 
turbine cycle, together with the pres- 
sures and temperatures existing when 


100 

37 

Standard Diesel oil 
Compressed air or cartridge 


10 


Automatic starting and operation, starting 
signal provided by loss of voltage from 
main ship’s service generator. Means 
also to be provided for manual opera- 
tion. 


+ 0.5 
+40 
0.025 


5000 hr of which 500 hr shall be at full 
load 


100 decibels (0.0002 dynes per sq cm). 


5 deg from horizontal, fore and aft, and 
15 deg from horizontal, to either side. 


45 deg from vertical, to either side. 
10 deg from horizontal plane. 


iG. AIR-FLOW DIAGRAM 


the generator set is providing rated 
continuous output with ambient-air con- 
ditions of 80 F and 14.7 psi pressure. 
The air-flow rate is approximately 6.6 
Ib. per sec. Fig. 2 shows fuel consump- 
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tion and turbine-inlet temperature at 
various loads and ambient temperatures. 
The specific fuel consumption is seen to 
be approximately 1.07 lb per hphr based 
on shaft power to the generator. 


The design pressure ratio of 4.8 and 
maximum gas temperature of 1540 F 
were selected to provide a reasonable 
compromise between cycle efficiency, life 
of turbine components, and power-plant 
size. Considerations of adiabatic effi- 
ciency at the pressure ratio chosen, com- 
pactness of arrangement, and minimum 
development time dictated the use of a 
10-stage, approximately 50 percent re- 
action, axial-type compressor. The com- 
paratively small size of the compressor 
(9.5 in. average rotor diameter) with 
associated scale or size effects arising 
from relatively larger blade-tip and seal 
clearances and reduced Reynolds num- 
bers, results in a compressor efficiency 
somewhat less than that obtained on 
larger axial-flow compressors for which 
data are available. The peak adiabatic 
efficiency of 85 percent and design point 
efficiency of 80 percent are, for the 
pressure ratio selected, still substan- 
tially better than could be obtained with 
other types of compressors on which 
scale effects may be less. At rated speed 
of 20,138 rpm, compressor blade-tip 
velocity is slightly over 900 fps. 


Three or four turbine stages would be 
required to obtain optimum turbine effi- 
ciency with the pressure ratio selected. 
However, in the interests of simplify- 
ing the unit and keeping size and weight 
to a minimum, two stages were chosen, 
resulting in somewhat poorer turbine 
performance than otherwise could be 
obtained. The turbine blading is de- 
signed on the vortex principle, utilizing 
20 percent and 11 percent reaction at 
the hubs and 49 and 48 percent at the 
tips of the first and second stages re- 
spectively. Tip speed of the turbine 
under rated conditions is 1054 fps. 


SPECIFIC FUEL CONSUREP TION, LB/ — HR 


ET 


NET SHAFT HORSEPOWER 
FIG. 2 PERFORMANCE OF T-400 GAS-TURBINE ENGINE 


Pressure drops through the inlet si- 
lencer and the exhaust muffler of ap- 
proximately 4 and 8 in. of water, re- 
spectively, impose a penalty of some 
20 hp on the engine output. Sound 
level at a point 6 ft from the power 
plant and directly in line with the com- 
pressor inlet was found to average 97 
decibels, a reduction of 10 to 12 decibels 
from the value obtained without the 
silencer. Use of the exhaust muffler did 
not influence appreciably the sound level 
immediately adjacent to the power plant ; 
however, at exhaust-stack discharge the 
sound level was reduced from approxi- 
mately 100 to 95 decibels. 


Compressor surge was found to limit 
the amount of fuel that could be in- 
jected during the starting cycle. For 
this reason the starting-time objective 
of 10 sec maximum was not attained. 
The starting time obtainable at present, 
from starting signal to full speed, is 
approximately 17 sec. This probably 
could be reduced by bleeding off com- 
pressor air, or by installing a by-pass 
around the turbine first stage. The com- 
plications that would arise from such 
changes, however, do not appear to be 
warranted. It should be noted that start- 
ing time is a function of the mass and 
configuration of the driven equipment as 
well as the energy available for turbine 
starting. 
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ARRANGEMENT OF COMPONENTS 


rIG. 3 CUTAWAY VIEW OF T-400 GAS-TURBINE ENGINE INCLUDING INLET SILENCER 


The mechanical arrangement of the 
various components is illustrated in Fig. 
3, a cutaway drawing of the unit, and 
Fig. 4 the assembled unit. It will be 
noted that the shafts of the principal 
components (reduction gear, compres- 
sor, and turbine) are connected by 
splined couplings. Inlet air is inducted 
through a combination silencer-and-oil- 
cooler assembly located near the center 
of the engine, then flows forward 
through the compressor, is diffused, re- 
versed 180 deg in direction, and passes 
into a single combustion chamber paral- 
leling the compressor. The hot gas pro- 
duced in the combustor enters a turbine 
scroll which corducts and distributes it 
to the first-stage turbine nozzle. At the 
exit of the turbine the gas is diffused, 


after which it enters an exhaust col- 
lector which discharges vertically up- 
ward. An exhaust muffler is located in 
the exhaust stack. 


It was recognized that a significant 
pressure loss would be associated with 
reversing the compressor discharge and 
locating the combustor parallel with the 
compressor. However, this arrrange- 
ment shortens the power plant more than 
15 percent, and, therefore, is considered 
worth while since length is the critical 
dimension in this application. 


Accessories mounted on and driven 
from the gearbox include the governor, 
lubricating-oil pump, fuel pump, speed- 
sequencing-switch assembly, and _ta- 
chometer generator. 
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Considerations of the stresses imposed 
by shock loads indicated that the loads 
could be absorbed without the use of 
shock mounts and without significant 
weight penalty, providing the generator 
chosen for the installation could also 


meet this condition. Consequently, the 
power-plant mounts, consisting of a 
trunnion on each side of the generator 
and a third support, flexible in the fore 
and aft direction, under the turbine, do 
not incorporate isolating media. 


4 1-400 Gas-TURBINE ENGINE 


The weights of the principal components are as follows: 


Pounds 
Gas-turbine engine, including ignition system, filters, and piping.......... 350 
Control box and imstrument panel......... 56 
Reduction and accessory drive 130 
Driven accessories (fuel and lube pumps, governor, etc.)................. 25 
561 

Total with silencer awd mailer), as 821 


Outline dimensions are length 5934 in., width 33 in., height 34 in. 


COM PRESSOR 


Fig. 5 shows the compressor rotor. A 
constant 8-in. rotor-hub diameter (rather 
than maintaining constant blade-tip di- 
ameter) is employed to simplify manu- 
facture, particularly in machining the 
blade attachment slots, although an addi- 
tional stage is thereby made necessary to 
obtain the design pressure ratio. This 
arrangement results in somewhat greater 
blade heights in the high-pressure stages, 
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which is advantageous performancewise 
in a small compressor. 


The rotor blades, made of type 403 
stainless steel, and stator vanes, made 
of type 347 stainless steel, are produced 
by cutting four designs of investment 
castings to suitable length. The rotor 
blades are attached by means of dove- 
tail joints. The stator vanes are brazed 
to inner and outer rings, and the as- 
semblies are bolted to the cast-aluminum 
compressor casing which is made in 
two 180-deg segments. 

The compressor disks are machined 


from type 403 stainless steei and secured 
to a drum of 5%e in. diam with rivets 


which extend radially through the over- 
lapping flanges of the disks and through 
the drum. 


The compressor end thrust of almost 
600 Ib is absorbed by a single ball bear- 
ing located at the inlet end. The dis- 
charge end of the rotor is supported on 
a roller bearing, which allows for differ- 
ential thermal expansion between the 
rotor and stator. The compressor scroll 
casing carries outlet air heated to about 
450 F by compression. To cool the area 
in which the roller bearing is mounted, 
a small fan integral with the 10th-stage 
disk circulates air through passages in 
the casing. 


COMBUSTOR 


The combustor is of the conventional, 
through-flow, can-type design with per- 
forated liner such as is used extensively 
in aircraft turbojets. Specific-heat re- 
lease at full load is approximately 
5 x 10° Btu per hr per cu ft per atm. 

Use of a single combustion chamber 
eliminates the possibility of starting 
with an unignited burner. The single 
chamber is easily removed and inspected 
without disassembly of the power plant. 
With injection of fuel through only one 


nozzle, the nozzle orifice can be kept 
large, and hence is less apt to clog 
from impurities in the fuel. 


In order to achieve good fuel atomiza- 
tion throughout the speed range and 
thus assure consistent firing, a variable- 
area fuel nozzle is employed. A con- 
ventional gas-turbine spark plug, ener- 
gized by a storage battery and vibrator 
coil during the starting cycle, provides 
ignition. 


TURBINE 


The maximum gas_ temperature 
chosen, in conjunction with the con- 
servative design stresses, does not re- 
quire extensive cooling of the turbine 
parts. The alloys selected for the critical 
parts, S-816 and N-I55 for the rotor 
blades and disks, respectively, and 
Hastelloy C*for the nozzle vanes, pro- 
vide creep and rupture life expectancies 
of such duration that only moderate 
cooling of the turbine disk face is re- 


quired. A small fan integral with the 
first-stage disk circulates cooling air 
over the hub and upstream face of the 
disk. This air then passes around the 
turbine-inlet scroll, through its shroud- 
ing, and around the turbine casing, dis- 
charging into the turbine exhaust.” A 
second fan, mounted on ‘the downstream 
side of the second-stage disk, circulates 
cooling air in that region.. 
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Conventional fir-tree joints are used 
to attach the turbine blades to the disks. 
An unusual feature of the attachment, 
however, is the loose fit employed. When 
inserted into the disk slots the tips of 
the blades can be moved 0.020 to 0.030 
in. in the tangential direction. Before 
the radial retaining pins are installed, 
the blades will drop out if the rotor is 
held with the axis vertical. The loose 
fit allows for differential expansion be- 
tween the serrations on the blade roots 
and disk slots and permits the blades to 
seek positions minimizing the bending 
stresses arising from centrifugal loads. 
The chrome-molybdenum steel shaft is 
arc-welded to the first-stage disk while 
the second-stage wheel is attached with 
three %4-in. bolts. The turbine rotor is 
supported on ball and roller bearings 
with the extra-clearance roller bearing 
located at the turbine or hot end. Fig. 
6 illustrates the turbine rotor (first 
stage). 


REDUCTION GEAR 


A single pinion-and-gear combination 
reduces the speed from 20,138 rpm to 
that required by the generator. A set 
of accessory gears driven from the in- 


put pinion provides drives at 3358 rpm 
for each of the four accessory mounting 
pads, located for accessibility at the top 
of the gearbox. 


LUBRICATION SYSTEM 


High-speed antifriction bearings in 
gas-turbine service must be cooled as 
well as lubricated. One common method 
of cooling consists of directing upon the 
bearing a jet of compressor bleed air, to 
which a small amount of lubricating oil 
is added. Another method involves in- 
creasing the lubricating-oil flow to a 
point where it acts as a coolant as well 
as a lubricant. The latter method has 
been used widely with success in the 
field of aircraft turbosuperchargers and 
gas turbines, and on that basis was 
selected for this application. Results to 
date have been entirely satisfactory. 


A 3.5-gpm vane-type pump draws oil 
from the 4-gal reservoir located in the 
reduction-gear casing, and pumps it 
through a micronic filter and an oil 
cooler consisting of a bank of finned 
tubes located in the air-inlet-silencer 
assembly. From the cooler, oil is dis- 
tributed to the lubrication points in the 
gearbox and to the compressor and tur- 
bine shaft bearings, each of which re- 
ceives approximately 1 qt per min of 
oil. The oil used is Navy Symbol 2075. 

Transferring its heat to the compres- 


sor-inlet air may seem a costly way to 
cool the lubricating oil in view of the 
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gas turbine’s pronounced sensitivity in 
performance to inlet-air temperature; 
however, the relative magnitudes of the 
compressor air flow and the lubricating- 
oil heat rejection are such that the inlet- 
air temperature rise due to oil cooling 
is not prohibitive. 


A scavenging element in the same 
housing with the oil-pump pressure ele- 
ment returns oil from the turbine rotor 
and aft compressor bearings to the 
reservoir, while the oil from the for- 
ward compressor bearing and gear 
trains returns to the reservoir by gravity. 


STARTING SYSTEM 


The large amount of starter power 
required to provide the specified rapid 
acceleration ruled out a conventional 
battery-driven electrical starter for this 
application because of the size and 
weight involved. Consideration of fac- 
tors involved in the use of hydrogen 
peroxide, steam, solid propellants, and 
compressed air as energy sources for 
starting led to selection of high-pressure 
(3000 psi) compressed air as a medium. 
Ease of handling and availability of 
compressed air on board ship also influ- 


enced the selection. The air is stored 
in a tank of sufficient size to provide 
five normal starts. A pressure regulator 
reduces air pressure to 400 psi, after 
which it is directed at the second-stage 
turbine blading through a number of 
small jets. Although the power plant is 
self-sustaining at a lower speed, starting 
assist is maintained up to 55 percent of 
rated rpm to provide rapid acceleration 
in the range where the margin of tur- 
bine power over compressor power is 
small. 


FUEL AND CONTROL SYSTEM 


A large portion of the developmental 
effort was involved in providing a con- 
trol system which would fulfill the fol- 
lowing requirements in the absence of 
operating personnel: 


1 Initiate the starting cycle when 
normal ship’s voltage fails. 

2 Apply starting air, ignition, fuel, 
and generator excitation, and shut off 
starting air and ignition in the proper 
sequence. 

3 Regulate fuel to the power plant 
during acceleration in accordance with a 
fuel flow versus speed relationship which 
will provide the maximum acceleration 
possible without producing compressor 
surge. 

4 Govern the power-plant speed 
after rated rpm is reached and apply 
load. 

5 Shut the power plant down and 
provide an annunciator signal, should 
malfunction such as excessive gas tem- 


perature, overspeed, or low lube-oil 


pressure occur. 


The control system employs a 24-volt 
d-c circuit energized by a small storage 
battery. A Woodward multicontact 
speed switch, mounted outboard from 
the fuel pump, supplies signals at 4000, 
11,000, 20,000, and 22,000 rpm, thus pro- 
viding the necessary sequencing. The 
speed-switch signals, together with those 
from the lube oil underpressure switch 
and the exhaust-gas overtemperature 
switch, are fed into the turbine control 
box where a series of relays and timing 
motors provide appropriate controls. 


The fuel system consists of a micronic 
filter, gear-type fuel pump, acceleration 
control valve, governor, and solenoid- 
operated shutoff valve preceding the fuel 
nozzle, Figs. 7 and 8. 


The fuel-pump delivery is greater than 
that required for any condition of opera- 
tion. During acceleration the excess 
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FIG. 7 FUEL-FLOW DIAGRAM 
1, Fuel tank; 2, shutoff valve; 3, boost pump (if used); 4, governor; 
5, filter; 6, shutoff valve; 8, 
valve; 9, fuel pump; 10, 5 sequence switch; 11, filter; 12, drain 
valve; 13, feel yee gage; 14, shutoff valve; 15, fuel inlet; 16, 
drip tank.) 


fuel is by-passed as necessary by the 
acceleration control valve which senses 
fuel-nozzle pressure, which in turn is 
proportional to speed, and thus provides 
the proper fuel-speed schedule. After 
rated speed is reached, the acceleration- 


FIG. 8 CONTROL BOX 


control valve is removed from the sys- 
tem and a conventional Woodward fly- 
ball-type isochronous-speed governor by- 
passes fuel as necessary to maintain 
speed within the required limits. 


SILENCERS 


The principal source of objectionable 
noise in a shaft-output engine of this 
type lies in the compressor rotor blades 
and stator vanes. The level of high- 
frequency sound emanating from the 
compressor is reduced by a circular 
muff-type silencer fitted around the com- 
pressor inlet. Two concentric rings or 
splitters, made up of Fiberglas insula- 
tion encased in perforated aluminum 


sheet, are located in the air stream pass- 
ing through the silencer. The silencer 
inner walls are insulated similarly. 
Lower-frequency sound in the turbine 
exhaust is reduced in intensity by means 
of a muffler designed along the lines of 
conventional reciprocating-engine muffler 
practice. Enlarged flow areas minimize 
pressure loss with the high volumetric 
flow passing through the muffler. 


TEST PROGRAM 


The test operation time accumulated 
prior to delivery served to point up and 
permit the correction of operational 
faults of the type discernible after short- 
time operation. However, it is recog- 
nized that the endurance properties of 
the equipment are not yet proved, par- 
ticularly properties affected by factors 
such as vibration, thermal fatigue, stress 


rupture, and creep phenomena. The sim- 
ple and to a large degree conventional 
mechanical design paid ample dividends 
in the remarkably trouble-free mechani- 
cal operation. Differential thermal ex- 
pansion arising from the rapid starts 
and shutdowns resulted in various seal 
rubs; and minimum clearances had to 
be established largely on a cut-and-try 
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basis. Replacement of the single laby- 
rinth oil seals with double pressurized 
seals was found to be desirable. This 
eliminated the escape of lubricating oil 
in the form of oil mist when a pressure 
difference of more than a few inches of 


water was set up across the seals. 


As of this writing, the gas-turbine en- 
gine has completed successfully approxi- 
mately 90 hr of shore test operation and 
is now awaiting shipboard trials. 


OTHER APPLICATIONS 


In its present design form with the 
turbine, compressor, and output shafts 
mechanically coupled, the prime mover 
is suitable for substantially fixed-speed 
applications. such as generator, pump, 
and compressor or blower drives. It is 
particularly suitable where use factors 
are low and space and weight are at a 
premium. By adding a third turbine 
stage not mechanically connected to the 
first two, and taking the power output 


from a reduction gear coupled to the 
third stage, torque multiplication be- 
comes available. The prime mover would 
then be suitable for propulsion of land 
vehicles or small boats, and other vari- 
able-speed applications. Improvement in 
turbine efficiency, resulting in increased 
power output and improved economy, 
also would be associated with the use of 
three turbine stages. 
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BY LIEUTENANT (JG) MERSON BOOTH, USN, 
of the article “The Education of Naval Engineers” by 
Captain Guy Chadwick, USN, Ret., appearing in the 
February 1952 issue of the JOURNAL OF THE AMERICAN 
Society OF NAVAL ENGINEERS, INC. 


Institute of Technology in 1950. 


THE AUTHOR 


A graduate of the Naval Academy in the class of 1947; served as a general 
line officer in cruisers; assigned to the Armed Forces Special Weapons Project, 
Sandia Base, Albuquerque and Los Alamos, New Mexico; selected for post- 
graduate instruction in Naval Construction and Engineering at the Massachusetts 


The author has obviously given this 
matter of professional education con- 
siderable thought. I think sooner or 
later (usually too late) a student engi- 
neer will ask himself—what are the ob- 
jectives of this education he is pursuing. 
And I think that when he does ask him- 
self this question he most likely answers 
it with the nebulous thought that he is 
preparing to be a successful practicing 
engineer. The definition of what en- 
compasses this aim is difficult for the 
student engineer to make. I feel that 
the author’s discussion of the ingredients 
which make up a successful Naval En- 
gineer, encompassing: a high develop- 
ment of skills, a large store of retained 
facts, the power of reasoning to apply 
these skills and facts to the nature of a 
ship, are a well considered delineation 
of the professional attributes. I have 
nothing constructive to add to this. 


However, in extending the objectives 
of success in the profession to the formal 
education curriculum, I feel that the 
author has made a serious error of omis- 
sion, in words of the article, if not in 
thought. And this omission may have 
resulted in a false sense of adequacy of 
the curriculum. This error is that the 
education process, consisting (in the au- 
thor’s division) of skills, facts and rea- 
soning power, is not a transient thing 
which exists only during the years of 
formal education, but is a continuing 
process of development through the life 
of the individual. Many practicing en- 
gineers today are concerned with prob- 
lems in fields which did not even exist 
when they went to school. It is safe to 
say that many of the problems which 
today’s student engineer will encounter 
in his future career do not even exist 
today. Thus the curriculum which the 
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student engineer pursues today must 
prepare him for problems created by 
hazily discernible future events. 


To develop requisite skills, facts and 
reasoning power to cope with these fu- 
ture problems is the individual’s respon- 
sibility after he leaves the educational 
institution. This self-educating process 
requires keeping up with technological 
changes as they occur. And the engi- 
neer’s future success is determined pri- 
marily by how well equipped he is to 
continue this self-education process, and 
not primarily by how well he can per- 
form his duties in the profession at. its 
present state of development immedi- 
ately after graduation. Most engineers 
will tell you that practically all they 
know they learned after they got out of 
school. 


I think it is clear then, that the cur- 
riculum of formal education be directed 
to this aim of equipping the individual 
engineer for self-education through the 
rest of his life. This means that his cur- 
riculum should contain primarily basic 
science courses (mathematics, physics, 
chemistry) and applied science courses 
(mechanics, thermodynamics, fluid me- 
chanics, circuit theory, metallurgy). 
Applied engineering courses (structures, 
design of midships’ section, hydraulics, 
etc.) should be given with due regard 
to their permanency of value to the in- 
dividual in light of rapid technological 
advances. Their aim should be to dem- 
onstrate to the student how the science 
he has learned is applied to engineering 
and to develop in the individual a cri- 
tical attitude to perceive the problems 
in applying science to engineering. 


I feel that the basic science courses 
should be of primary importance in the 
curriculum. The amount of mathe- 
matics or physics taken should be in ex- 
cess of that needed to understand other 
courses in fluid mechanics or circuit 
theory. And applied science courses 
should be taken in excess of the require- 
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ment that they have some application to 
applied engineering courses given. 


I make this requirement since the 
basic and applied sciences are the fun- 
damentals upon which further self-edu- 
cation is possible. To continue self- 
education in thermodynamics, fluid me- 
chanics, or electronics, to name a few 
fields, will certainly require more ad- 
vanced mathematics and physics courses 
than are now contained in the present 
Naval Engineering curriculum. Basic 
science courses are more easily taught 
and learned in the environment of an 
educational institution. And a _ good 
background knowledge of basic and ap- 
plied sciences gained in school in excess 
of immediate requirements, will, after 
graduation, greatly facilitate and pro- 
mote initiative in continuing self-educa- 
tion. In short, the courses to be stressed 
are the ones which will have the most 
permanent value to the engineer. In 
these times of great technological ad- 
vance the order of permanence of value 
of the various courses is: basic science, 
applied science, and least, applied engi- 
neering. 


Perhaps I have been a little too strong 
in my thoughts on this subject. I have, 
in effect, recommended that the engineer 
take substantially the same courses as 
the scientist. But there is a subtle dif- 
ference between the engineer and the 
scientist. The engineer combines both 
science and the art of applying science 
to nature. This art is the distinction 
between the scientist and engineer. This 
art may be an inborn characteristic of a 
good engineer, but it certainly should 
be fostered in engineering school cur- 
riculum. And therein should lie the dif- 
ference between the scientist’s and en- 
gineer’s formal school education. And 
I don’t believe that most of the applied 
engineering courses, as they are given 
today foster the development of this art 
in the individual student engineer. Ap- 
plied engineering courses are valuable 
only if they attempt to foster this art 
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by demonstrating how science which 
has been learned is applied to engineer- 
ing and let the student perceive the 
problems encountered in an applied field 
which is not the precise field he has en- 
countered in the sciences. Most of the 
applied engineering courses given today 
do not accomplish this aim. They are 
in reality vocational or “Handbook” 
courses which limit or prohibit indi- 
vidual initiative. They say “This is the 
way we do it now” instead of “This is 
why we do it this way; how can we 
improve it?” 


The corrective measures to take are 
obvious. Revise applied engineering 
courses to foster this aim. This can 
best be done by putting the course on a 
seminar basis with individual or group 
projects to promote individual realiza- 
tion of problems involved in applied en- 
gineering. In addition, practicing engi- 
neers can be invited to describe to the 
students problems which have come up 
in their fields and how they went about 
solving them. 


Or if there is a feeling (and evi- 
dently there is) that this specialized art 
of engineering practice is better ob- 
tained through experience after gradu- 
ation and since a background of funda- 
mentals is exceedingly difficult to ac- 
quire after graduation, I submit that 
the purely vocational or “Handbook” 
courses in the curriculum be compressed 
to a point commensurate to their per- 
manent value to the engineer, and the 
basic and applied science courses in the 
curriculum be expanded accordingly. 


Evidently there has been a concerted 
effort made in the present Naval Engi- 
neering curriculum to balance the three 
groups of courses to make a _ well 
rounded, complete package of education, 
while the more important aim of foster- 
ing future self-education is ignored. 
Upon graduation the student should not 
feel that his education is now complete, 
well rounded and final, but the educa- 
tional institution should have indoc- 
trinated into him a feeling of curiosity, 
initiative, and ability to continue his 
education process. 


BOOK REVIEW 


BOOK REVIEW 


MECHANICS OF VIBRATION 
By H. M. HANSEN AND P. F. CHENEA 


vir + 417 pp., Ittus., 1952, Witey, New York; 
CHAPMAN AND HALL, Lonpon; $8.00 


REVIEWED BY LrEUuT. COMMANDER S. R. HELLER, Jr., USN 


This new text fills a void by furnishing teaching material for a first course in 
Vibration Analysis without recourse to the more scholarly technique of the classic 
works of Timoshenko, Den Hartog, and others. This lack of scholarly approach 
is by no means a categoric condemnation of the work; rather, its simple lucid 
style should be provocative of rather widespread adoption for an undergraduate 
course. 


A single chapter is devoted to a series of definitions and fundamental concepts— 
an admirable step in preparing new students for a new course. It is, however, 
unfortunate, in this reviewer’s opinion, that the complex variable and vector nota- 
tion are not also introduced at this point instead of being included in a later 
chapter. 


The first portion is devoted to steady-state vibration of systems of a single 
degree of freedom—the basis of all analysis. The authors have covered this funda- 
mental theory in clear and meticulous detail. The introduction of relaxation fre- 
quency and the energy method and their physical meaning at this early stage 
furnishes a solid foundation on which the balance of the text is based. 


In Part 2 the theory is extended to several degrees of freedom. Initially the dis- 
cussion centers on the classical analysis including Lagrange’s equations. Next, the 
“mobility” method is introduced and developed by comparing solutions thus ob- 
tained with those previously obtained by the conventional classic methods. Once 
confidence is established in this new tool, the authors extend its use to more com- 
plex problems. Finally techniques for solving the general frequency equation are 
discussed with emphasis on the Holzer and Graeffe methods. 
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The last portion of the text is included to show the special problems of vibra- 
tion analysis: distributed physical constants, transients, and non-linear vibrations. 
The material selected is designed to titillate the serious student with a mathematical 
urge. It is doubtful if more than token coverage can be obtained in a single 
semester, but the material presented is undoubtedly helpful for future reference. 


In retrospect, it seems advisable to have those portions of the text which can not 
be covered in a single semester of instruction in small print to guide instructors 
who will teach from the text, but who do not have the backlog of experience with 
this material that the authors have. The inclusion of both problems and answers 
as amplification of the text enhances its value. Although the book is designed, 
according to the preface, for acceptance by the graduate student, in addition to its 
normal use by undergraduates, many fine contributions to this branch of mechanics 
have been neglected with the consequence that there is virtually no bibliography 
for the interested student to pursue. Many items of critical interest are immersed 
in the text and consequently will be missed by the inexperienced reader. In spite 
of these defects the authors have done a commendable job in compressing the 
theory and techniques of this broad field of mechanics into such a utilitarian text 
on the level of the undergraduate. 
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LONGEVITY OF MEMBERSHIP 
CORRECTION 


Partly due to the fact that the Society’s available financial records do not go 
back prior to 1902, and partly because examination of records of present Honorary 
Members was overlooked, several errors occurred in the statement in the May, 1952, 
JourRNAL relative to Longevity of Membership. 

It is most particularly regretted that we omitted the name of Professor W. F. 
Durand, who should have been placed first by many years on the list of living 
members. Professor Durand was first listed as a member in the JourNAL for Feb- 
ruary, 1891, no less than 61 years ago!!! A truly remarkable record. He made 
many very valuable contributions to our JouRNAL, including the Prize Essay for the 
year 1898, for which he was awarded a gold medal and Honorary Membership. 

In addition to Professor Durand, the following, who have been members for 40 
years or more, should have been included: 


Robinson, S. M., Honorary Member—43 years. 
Johnson, A. W., Honorary Member—42 years. 
Robison, S. S., Honorary Member—42 years. 
Johnson, H. F., Honorary Member—41 years. 


It is with genuine regret that the Society re- 
ports that it has learned since the publication of 
the May, 1952, Journal of the following deaths 
among its members: 


FORTIER, HENRY J., Civil Member 
GELHAUS, HENRY F., Naval Member 
KLINTMAN, PEHR C., Naval Member 
VANCE, LOUIS G., Civil Member 


CHANGES IN MEMBERSHIP 


It is with a great deal of pleasure that the Society announces that the following 
have been received as members since the publication of the May, 1952 issue of 
the JouRNAL. 


NAVAL 


Cochran, Robert Brice, Lieutenant (j.g.), USNR, 
Instructor, Dept. of Diesel and Internal Combustion Engines, 
North Carolina State College, Raleigh, N. C., 
Mail: RFD 6, Raleigh, N. C. 


Goodykoontz, James R., Jr., Lieutenant, USNR, 
Engr. Aeronautics and Ordnance Systems Div., 
Bldg. 28-516, General Electric Co., Schenectady, N. Y. 


Hamilton, Reed Duncan, Lieutenant, USNR, 
Project Engineer, Marine Div., 
Cooper-Bessemer Corp., Sandusky St., Mt. Vernon, Ohio 


Heidel, Carl Cox, Lieutenant Commander, USN, 
Bureau of Ships, Navy Dept., 
Washington 25, D. C. 


Hubbard, Austin Flint, Lieutenant, USCG, 
USCG Yard, Curtis Bay, Baltimore 26, Md. 


MacDonald, G. Dana, Lieutenant, USNR, 
USS Courlan (AMS 44), 
% Fleet P.O., New York, N. Y. 


McClintick, William Stephen, Commander, USNR, 
General Cable Corp., 320 E. 42nd St., 
New York 17, N. Y. 


McGinniss, Harry W., III, Lieutenant (j.g.), USNR, 
Sec.-Treas. Ampower Corp., 
50 Broad St., New York 4, N. Y. 


McNally, James Anthony, Captain, USN, 
% Bureau of Ships, Navy Dept., Washington, D. C. 


Mathis, Harold Fletcher, Lieutenant Commander, USNR, 
Supervising Inspector of Naval Material, Chicago, 
Mail: 2615 Eastwood Ave., Evanston, IIl. 


Murphy, John A., Jr., Lieutenant (j.g.), USNR, 
Navy 3923, Box 8, % Fleet P.O., San Francisco, Calif. 


Neely, John D., Lieutenant, USNR, 
Washington Manager, American Machine & Foundry Co., 
916 15th St., N.W., Washington 5, D.C. 


Pacific, Hiram Roosevelt, Lieutenant, USNR, 
USS Satyr (ARL 23), % Fleet P.O., San Francisco, Calif. 


Rackerby, Winston Lloyd, Lieutenant Commander, USN, 
San Francisco Naval Shipyard, San Francisco 24, Calif. 
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Roach, Richard T., Ensign, USNR, 
USS Mount Kaimai (AE 16) % Fleet P.O., San Francisco, Calif. 


Shields, William Burnit, Lieutenant (j.g.), USN, 
232 Concord Ave., Trenton, N. J. 


Sinclair, Leo F., Jr., Lieutenant Commander, USNR, 
Liaison Engr. Dake Machine & Tool Co., Brooklyn, N. Y., 
Mail: Box 595 G, RFDS, Alexandria, Va. 


Turchick, Walter Alexis, Lieutenant (j.g.), 
71 Davis Road, Franklin, N. J. 


CIVIL 


Boothby, Clinton R., Chief Electrical Engineer, 
The Electric Autolite Co., Toledo, Ohio, 
Mail: 1961 Wellesley Drive, Toledo 6, Ohio 


Earle, Murdock Mach, Asst. Nav. Arch., 
Maryland Drydock Co., Baltimore, Md. 
Mail: 518 Hilton Ave., Catonsville, Md. 


Fischer, Walther C., Mgr. of Engineering, 
Fairbanks, Morse & Co., Beloit, Wis., 
Mail: 935% Church St., Beloit, Wis. 


Freeman, William Capron, Marine Mgr. Sales, Marine Dept., 
Combustion Engineering-Superheater, Inc., 
Mail: 36 Hamilton Road, Scarsdale, N. Y. 


Frey, J. Nelson, Development Engineer, 
The Thomas & Betts Co., Inc., 
Mail: 1053 Sunny Slope Drive, Mountain View, N. J. 


Hull, Charles M., S.E. Dist. Mgr., Aerolin Corp., 
Mail: 2030 Land Title Bldg., Philadelphia, Pa. 


MeNinch, William G., Admn. Engr., 
Perfecting Services Co., 
332 Atendo Ave., Charlotte, N. C. 


Maximowicz, Walter C., Asst. Supt. Hull Repairs, 
Pittsburgh, SS Div., U. S. Steel Co., 
Mail: 614 Superior Ave., N. W., Cleveland 13, Ohio 


Milk, Arthur L., Director of Govt. Relations, 
Sylvania Electrical Products, Inc., 
734 15th St., Washington 5, D. C. 


O’Keefe, Thomas A., Sales Mgr., Machines, Inc., Philadelphia, 
Mail: 4712 Woodmand Drive, Drexel Hill, Pa. 


Peskin, Leonard Clifford, President, 
Thermal Research & Engineering Corp., Conshohocken, Pa. 
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Reynolds, William Charles, Mgr. Baltimore Yard, 
Bethlehem Steel Company, 1101 Key Highway, Baltimore, Md. 


Ritchie, Don R., 
Box 750, Nevada City, Calif. 


Robertson, Arthur Irvin, Mfg. Rep., 
Eclipse Air Brush Co., 1108 9th St., N.W., Washington, D. C. 


Rogers, Robert Charles, Consulting Engineer, 
4252 Leimert Blvd., Los Angeles 8, Calif. 


Shaw, Edwin C., President & Gen. Mgr., 
Perfecting Services Co., 332 Atendo Ave., Charlotte, N. C. 


Smith, Ralph Gerald, Project Engr., Norfolk Naval Shipyard, 
Mail: 10 Chatham Road, Portsmouth, Va. 


Stevens, Russell A., Branch Mgr., Fairbanks, Morse & Co., 
178 Atlantic Ave., Boston, Mass. 


Vandersteel, William, Executive Vice President, 
Ampower Corp., 50 Broad St., New York 4, N. Y. 


Wilson, Harland Derrell, Chf. Chemical Engineer, 
Electric Autolite Co., 
Mail: 511 Hamilton St., Toledo 1, Ohio 


Wilson, Joseph B., Mgr. Pacific Sales Div., 
Research Laboratories, Cook Electric Co., 
Mail: P.O. Box 672, Glendale, Calif. 


ASSOCIATE 


Anderson, Robert A., Vice President & Works Mgr., 
Ingersoll Products Div., Borg Warner Corp., 
Mail: 2508 So. Westnedge Ave., Kalamazoo, Mich. 


Betz, Robert F., Administrative Dept., 
Cleveland Diesel Engine Div., G.M.C., 
3160 W. 102 St., Cleveland 11, Ohio 


Coskunner, Zakir, Lieutenant (j.g.), 
Lalali Kiziltas sekak No. 8, 
Istanbul, Turkey 


Hyland, Bruce A., Director, Contract Div., 
Control Instrument Co., Inc., 
67 35th St., Brooklyn 32, N. Y. 


McLellan, Allan B., Asst. Works Megr., 
Ingersoll Products Civ., Borg Warner Corp., 
Mail: 2415 So. Westnedge Ave., Kalamazoo, Mich. 


Rodgers, Donald Richard, Sales Engineer, General Electric Co.. 
Mail: 4249 So. 35th St., Arlington 6, Va. 
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Schutz, Robert F., Controller, Ingersoll Products Div., 
Borg Warner Corp., 
Mail: 1502 Evanston, Kalamazoo, Mich. 


Smith, R. Douglas, Engineer, General Electric Co., 
Mail: 1801 Clydesdale Pl., N. W. ,Washington 9, D. C. 


Stocker, John G., Service Dept. Cleveland Diesel Engine Div., G.M.C., 
2160 W. 106th St., Cleveland, Ohio 


Uniack, Frank A., Advertising Dept., Cleveland Diesel Engine Div., G.M.C., 
2160 W. 106th St., Cleveland, Ohio 


Williams, Roger D., Gen. Sales Mgr., 
Cleveland Diesel Engine Div., G.M.C., 
2160 W. 106th St., Cleveland, Ohio 
TRANSFERRED FROM ASSOCIATE TO CIVIL MEMBERSHIP 


Melton, James Steven 


RESIGNED 
NAVAL 
Draim, Frederick W. 


ASSOCIATE 
Lawson, Comdr. (E) F. W., R.N. 


REINSTATED 
Cascini, Ernest, A., Naval Member 
Goldstein, Marton L., Naval Member 
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ORIGINAL ARTICLES 


The editor of the JouRNAL is most anxious to obtain manuscripts of original 
articles on subjects of interest to naval engineers. Any manuscript accepted for 
publication becomes the property of the Society which copyrights it upon publica- 
tion. Authors are paid from $40.00 to $150.00 depending upon length, interest and 
professional value. 


The rules for manuscripts are as simple as we can make them. 


1. They must be legible (typewritten, double-spaced preferred) since no proof 
is submitted to authors for correction prior to printing. 


2. Single copy only is required. 


3. Mathematical formulae used must be set up, preferably by hand printing, so 
that there can be no question as to symbols, subscripts and exponents. 


4. Any drawing submitted must be black on white. A cloth or paper tracing is 
acceptable but not required. 


5. Photographs may be negatives, but glossy prints are acceptable. 


6. Include on a separate page a short biographical sketch(es) of the author(s). 
50 to 100 words for each author is desired. 


Manuscripts should be mailed addressed to: 


Secretary-Treasurer 

American Society of Naval Engineers 
605 F St., N. W. 

Washington 4, D. C. 


Manuscripts accepted will not be returned unless specifically requested by the 
author. If returned, they will be in the condition which has resulted from the 
work of the printer and the engraver. Immediately following publication, the 
author is furnished 10 reprint copies of his article free of charge. Additional 
copies may be purchased from the Society if the request is received 30 days prior 
to the publication date which is the 25th of the issue month. Estimate of cost of 
additional reprints, which will vary with the nature of the article and the num- 
ber of copies ordered, will be furnished on request as soon as possible after the 
article is set up. 


Manuscripts not accepted will be returned, postpaid, by the Society. 


Manuscripts which are accepted will be published in the earliest JourNaL 
which has not yet been closed (60 days before publication) and for which insuffi- 
cient material is already on hand. 


685 


ASSOCIATION NOTES 


Suspyect MATTER AND AUTHORS 


To assist the editor in programming future issues, the help of all members is. 
solicited. To make it easy, the last page in this issue is readily detachable as you 
will find. This page has blanks for two entries. 

(a) What subject would you, as a member, like to see covered by an article 
in the JouRNAL. 
and 
(b) Who do you consider best qualified to prepare such an article authorita- 
tively, and what is his address (if you know). 

Any of these forms which are filled in and mailed to the Society will be 
received with thanks and the editor will follow up to get the suggested articles 
prepared. 


PHOTOGRAPHS 


Photographs of current or historical interest to rezders of the JouRNAL are 
desired. Any which are accepted by the Society will be purchased by the Society 
at a standard price of $5.00 each. Such purchase will not include any copyright 
by the Society, but the contributor must hold the Society free from any charge 
of violation of any previous copyright. 


NOTICE OF DEATHS 


The Society has no satisfactory machinery for obtaining notice of deaths of 
members. It is particularly desired that we receive such notice upon the death of 
any past officer, past member of the Council or member of more than twenty 
years’ standing with photographs and short obituaries. It will be appreciated 
greatly if any member who learns of the death of a member will advise the 
Secretary-Treasurer. 


SOCIETY LAPEL BUTTONS 


Shown below is an illustration of the lapel button of the Society. It is believed 
that it will be conceded that this is a very fine dignified insignia. It is one-half 
inch in diameter. 


The oak leaves and lettering are red ona gold background. 


It is available to all members at fifty cents (50c) each. 


| Nay, 
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LIFE MEMBERSHIPS 


Any member may now purchase a life membership under the following rules: 


(a) Any dues paid for the year in which life membership is purchased will 
be credited to the cost of the life membership. 


(b) Life memberships are non-transferable and terminate with the death 
of the member. 


(c) No refund will be made on account of death or resignation of a life 
member. 


(d) Life membership will vary in cost with the age of the member at his 
next birthday following application, as follows: 


(e) All life memberships paid in shall be protected by a transfer on the 
books of the Society of Series G, U. S. Government 2% per cent bonds. Thus 
a life membership will be established. It will be credited with moneys paid 
in for life memberships and debited with the regular amount of annual dues for 
each life member each year. 


LOCAL CHAPTERS 


Local Chapters of the American Society of Naval Engineers may now be author- 
ized by the Council. The following rules for recognition of Local Chapters have 
been adopted by the Council: 


(a) Twenty or more regular members, Naval or Civilian, may apply for 
a Charter as a Local Chapter. 


(b) Each application must be accompanied by a list of members and a copy 
of local By-laws. The latter must meet the following minimum requirements. 


1. All financial dealings of the local Chapter must be independent of the 
Society and can in no way obligate the Society as a whole. The local chapter 
shall set up on a non-profit basis. All accounting shall be local. 


2. Each active local Chapter shall receive from the Society a grant of 
$0.50 per year for each naval member, civil member or associate who resides 
in the local area and who associates himself with the local Chapter. This 
grant may be used by the local Chapter to defray any necessary expenses, 
including (a) Letterheads, (b) Notice cards, (c) Postage, (d) Minimum rental 
allowance, (e) Secretarial service (part time). 
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3. Any technical papers presented at local chapter meetings, shall be sub- 
mitted to the Secretary-Treasurer of the Society for consideration for publi- 
cation in the Journat. Any paper accepted will be paid for at regular rates. 

4. Each local chapter shall submit a quarterly report of its activities to 
the Secretary-Treasurer. These reports must reach Washington, D. C. prior 
to 15 January, 15 April, 15 July and 15 October. This report shall contain 
a list of active local members as of the first day of the quarter for the pur- 
pose of computing the amount of grant. 

5. Associate members of the Society shall be eligible for membership in a 
Local Chapter, entitled to all the privileges of other members except voting 
and holding office. 


Permission is granted to reprint any original article contained herein if the fol- 
lowing conditions are met: 
a) Credit is given to the JouRNAL with reference to the issue. 
b) Credit is given to the author. 
c) If the author is a military officer or a civilian employe of the Department of 
Defense, the following note shall be carried: 
“The views expressed herein are the personal ones of the author and are not 
necessarily the official views of the Department of Defense or of a Military 
Department.” 
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ADVERTISEMENTS xvii 


Our United States Navy submarines with their superb crews will help 
protect our shores and our shipping from possible enemy undersea craft. 
Supreme dependability and instant response are requiréd of engines and 
crews. The United States Navy has installed General Motors engines with 
Diesel-Electric Drive in submarines of this new “K”’ class. 


Cleveland Diesel Engine Division 


CLEVELAND 11, OHIO 
GENERAL MOTORS 


No Substitute for Diesel-Electric Drive 
DIESEL 
POWER 
ENGINES FROM 150 
TO 2000 H, P. 


XVili ADVERTISEMENTS 


Ambraloy-927 tubes are durable and economical 


Ambraloy-927* (Alumi- 
num Brass) Condenser 
Tubes resist both salt and 
brackish water. For 
turbine-driven ships they 
are the most durable 
tubes available at moder- 
ate cost. 

That’s why Bethlehem 
Steel Co. used them in 
condensers for the new 
28,000-ton tanker they 
built for a large refiner. 

Let our Technical Staff 
rae you select the right 
tube alloy. Write The 
Brass Co., for efficient heat transfer 


Waterbury 20, Conn. 


In Canada: Anaconda ANACON pA 


American Brass Ltd., 
New Toronto, Ont. seuea Heat Exchanger Tubes 


*U. S. Patent No. 2,003,685 


the leading manufacturer of 
SHORAN ...LORAN ... TELERAN... 
RADAR ...RADAR ALTIMETERS... 
SONAR ... BATTLE ANNOUNCE and 
RADIO COMMUNICATIONS EQUIPMENT 


GOVERNMENT EQUIPMENT SECTION ; 
RADIO CORPORATION of AMERICA 


ENGINEERING PRODUCTS DEPARTMENT, CAMDEN, H. J. 


ADVERTISEMENTS xix 


LIDGERWOOD 


Established 1873 


DESIGNERS and BUILDERS OF WORLD'S LARGEST 
and MOST POWERFUL ELECTRO-HYDRAULIC 
STEERING GEARS. 

Furnished For: 
S. S. "UNITED STATES” 
S. S. "AMERICA" 


U. S. "IOWA" CLASS BATTLESHIPS 


Exclusive Licensee in U. S. for 
DENNY-BROWN SHIP STABILIZERS 


DESIGNERS and BUILDERS OF EVERY TYPE AND SIZE OF 


STEERING AND DECK MACHINERY 


LIDGERWOOD INDUSTRIES, INC. 


7 Dey Street New York 7, N. Y. 
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~-A Good Name 
on Land OR Sea! 


¥ fps ALLIS-CHALMERS NAMEPLATE continues in prom- 
inence on the fighting and supporting ships of our 
marine arm, Proven on all types of craft in World War 
II, Allis-Chalmers equipment is again in action with 
today’s fleet. Newly developed equipment will play an 
increasingly important role in the fleet of tomorrow, 
on and below the surface. A-3375 


MAIN PROPULSION UNITS * ALL TYPES 
OF PUMPS * MOTORS AND CONTROLS 
CONDENSERS AND AIR EJECTORS- 
LIGHTING SETS * GENERATORS 


Baby flat-top, using 
Allis-Chalmers main pro- 
pulsion unit, main con- 
denser, lighting set, 
auxiliary condenser, air 
ejectors, motors, control, 
and pumps. 
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Foster Wheeler 


hace 


From the R. P. Resor, 

first of the 

high-efficiency, bent-tube, 
“D-type” boilered ships, launched 
in 1935, to the Mariner Class, 
newest and fastest 

cargo vessels under 

the American flag, 

Foster Wheeler has led 

the way in improving 

the design and construction 

of steam generating equipment. 


FOSTER WHEELER CORPORATION 
165 BROADWAY, NEW YORK 6, N. Y. 


FOSTER WHEELER 
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we Sectional view of the Mariner 
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XXii ADVERTISEMENTS 


The world’s 
broadest line 


of 
engine-room 
eye 
auxiliaries 
Steam-turbine generator units . 
Steam turbines... Direct and geared 
turbine units . . Centrifugal umps 
. Reciprocating pumps. Rotary 
gear- vane-type pumps . er- 
tical turbine pumps . . . Steam con- 
densers and steam-jet » + 
Deaerating feed-water 
rigerating air-condition- 
ing equipment . Multi-V- Belt 
drives . . Liquid ‘meters. 
Worthington welcomes your in- 
concerning special p pumping 
or power problems. Write, stating 
requirements or description of en- 
eee, to Worthington 


rporation, Marine Division, 
mn, 


> 
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ADVERTISEMENTS XXill 


G-E Equipment Supplies Auxiliary 
Power to S.S. United States 


Sparking America’s largest, fastest liner, dependable General Electric 
turbine-generators aboard the S.S. United States produce the reliable 
flow of auxiliary power vital to every operation of the ship. 

Unique design features mark the United States generating plant as the 
most precisely constructed and powerful aboard any American merchant 
vessel. Unusually close regulation results in maximum efficiency in ex- 
tracting power from steam. Gears and all moving parts were designed 
and manufactured to provide for exceptionally quiet operation. And the 
G-E turbine-generators pack peak power into less space than is usually 
required for lower-rated equipment. 

Your nearby G-E representative can give you more information on the 
savings possible from G-E marine equipment. Contact him early in your 
planning. General Electric Company, Schenectady 5, N. Y. 200-91D 


You can put your | in— Ric 
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Photograph courtesy of Cummins Engine Company, Inc., Columbus, Indiana 


Tire-shaped rubber packing rings for cylinder liners in 
Cummins diesel engines are small but important. They 
provide a seal between oil and water — a seal that must be 
perfect whether the engine is cold or operating at high 
temperatures. Moreover, these rubber rings must stand up 
for at least the equivalent of 100,000 miles of operation. 

These severe operating requirements presented a rubber 
problem with exacting specifications. Resistance to sustained 
heat. Controlled swell in oil. Exceptional compression quality. 
Precision tolerances. 

The successful solution of this problem is typical of the 
“service in rubber” offered by Continental. 

When you need rubber parts, why not enlist the assistance 
of specialists? 


CONTINENTAL 


RUBBER WORKS 
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U. S. NAVAL INSTITUTE 


FOUNDED IN 1873 


“FOR THE ADVANCEMENT OF PROFESSIONAL, LIT- 
ERARY, AND SCIENTIFIC KNOWLEDGE IN THE NAVY” 


U. S. NAVAL INSTITUTE PROCEEDINGS 


PUBLISHED MONTHLY, ILLUSTRATED EXTENSIVELY, FOR OVER 
SEVENTY-FIVE YEARS HAS BEEN THE NAvy’s Forum. 


MEMBERS OF THE AMERICAN 
SOCIETY OF NAVAL ENGINEERS 


Should read the PROCEEDINGS for pleasure and profit. The 
issues contain anecdotes and reminiscences, incidents from his— 
tory and essays on topics of naval interest, technical articles and 
treatises on naval development and progress, book reviews and 
discussions, and international and professional notes. Member— 
ship dues (including PROCEEDINGS), $3.00 a year. Subscrip— 
tion rate, $5.00 a year. (Foreign postage, $1.00 extra.) Single 
copies 50 cents (except some scarce issues). 


APPLICATION FOR MEMBERSHIP 


SECRETARY—TREASURER 
U. S. NAVAL INSTITUTE 
ANNAPOLIS, MARYLAND 

I hereby apply for membership in the U. S. Naval Institute 
and enclose $3.00 in payment of dues for the first year to begin 
wal tee. issue of the PROCEEDING (the monthly 
magazine of the U. S. Naval Institute). 

I am interested in the objects and purposes of the Institute, 
namely, the advancement of professional, literary, and scientific 
knowledge in the Navy. I am a citizen of the United States and 
understand that members are liable for dues until the date of 
receipt of their written resignations. 


ADVERTISEMENTS 
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STEEL 


BETHLEHEM STEEL COMPANY 


Shifrl De 


NAVAL ARCHITECTS AND MARINE ENGINEERS 


SHIPBUILDING YARDS SHIP REPAIR YARDS 
QUINCY YARD BOSTON HARBOR 
Quincy, Mass. Boston Yard 


NEW YORK HARBOR 
STATEN ISLAND YARD 


Brooklyn 27th Street Yard 
Staten Island, N. Y. Brooklyn 56th Street Yard 
Hoboken Yard 
BETHLEHEM-SPARROWS POINT Staten Island Yard 
BALTIMORE HARBOR 
Sparrows Point, Md. Baltimore Yard 
BEAUMONT YARD GULF COAST 
Beaumont, Texas Beaumont Yard 
(Beaumont, Texas) 
SAN FRANCISCO YARD SAN FRANCISCO HARBOR 
San Francisco, Calif. San Francisco Yard 


SAN PEDRO HARBOR 
SAN PEDRO YARD (Port of Los Angeles) 


Terminal Island, Calif. San Pedro Yard 


General Offices: 25 Broadway, New York 4, N. Y. 


On the Pacific Coast shipbuilding and ship repairing are performed by the Shipbuilding Division of 
Bethlehem Pacific Coast Steel Corporation 
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ADVERTISEMENTS XXVii 


Worldwide Experience 
in Communications Research and Manufacture 


e — in the Service of America 
While |. T. & T.'s associate companies 


; 
Va 


abroad are contributing to the re- 
habilitation and expansion of com- 
munications in nations ravaged by the 
war, the technical skills of the System 
affiliates in this country are devoted 
largely to the service of the United 

n | States. Its American research unit, 
Federal Telecommunication Laborato- 

e ries—with its unique experimental tower 
—and the factories of the Federal 
Telephone and Radio Corporation 
are united in a productive partner- 
ship dedicated to the achievement of 
better communications for the nation. 


INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 
67 Broad Street, New York 4, N. Y. 


U. S. Manufacturing Subsidiaries—Federal Telephone and Radio Corporation 
Capehart-Farnsworth Corporation 


U. S. Research Unit—Federal Telecommunication Laboratories 


| 
‘| 
{ 
| 
i 
4 
} 


The vast experience of Ward Leonard includes 
the entire period of the application of elec- 
tricity. Every item in the line of Ward Leonard 
controls is a product of sound engineering, 
practical designing and careful manufacture 


conditions ... 


Resistors . . Rheostats . . Relays . . Contactors 
Motor Starters ... Controllers . . . Dimmers. 


ELECTRIC CONTROL DEVICES SINCE 1892 


WARD LEONARD 


MOUNT VERNON NEW YORK 


. each planned to meet a specific set of 


ELECTRIC CO. 


Parry “TURBINE 


Terry Marine Turbines are dependable, compact, effi- 
cient machines especially designed for driving gener- 
ators, boiler feed pumps, fuel oil pumps, compressors, 
etc. aboard ship. They offer the advantages of over 
fifty years experience in the Marine Field on both 
Commercial and Naval Vessels. : 

Turbines ranging from 5 to 3000 H.P. are built in 
the Terry Solid Wheel design as well as in the Axial 
Flow, single stage and multistage types. 

Complete details on any turbine application will be 
gladly furnished. 


THE TERRY STEAM TURBINE COMPANY 


P. O. BOX 1200 


HARTFORD 1, CONNECTICUT 


~ 7-1190 
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‘avy Photograph 


K is for KILLER 


The craft pictured above is the Navy’s first Killer-type submarine. She is 
designed for the specific purpose of out and subs. 
The K-1 displaces 750 tons, is only half as big as a fleet-type sub, and carries 
a crew of 40 men. The streamlined tank-like structure on her bow contains 
top secret sound detection equipment. For knocking out the enemy subs she 
tracks down, the K-1 is armed with electronic homing torpedoes. 

This deadly new submersible was designed and built at the Groton, Conn., 
yards of Electric Boat, in close collaboration with Navy experts. 

Producing undersea craft of new and revolutionary a is only one of 
Electric Boat’s activities in strengthening hemispheric defenses. At Canadair 
Limited, a subsidiary of the Corporation, jet and other military planes 
are being turned out for the Royal Canadian Air Force and the Royal Air 
Force. 


ELECTRIC BOAT DIVISION OF GENERAL DYNAMICS CORPORATION 


Submarines and PT Boats—Groton, Connecticut 


NEW YORK OFFICE ELECTRO DYNAMIC DIVISION CANADAIR LIMITED 
445 Park Avenue Electric Motors & Generators Aircraft 
New York, N. Y. Bayonne, N. J. Montreal, Canada 


WHEREVER THERE'S A COOPER-BESSEMER 
THERE'S RELIABLE POWER! Ea 


Navy and Coast Guard men who have had 
experience with C-B Diesels, who have de- 
pended upon them in action, know that 
these fine engines stand for dependability 
in its broadest sense. Perhaps they do not 
know that the outstanding performance of 
every modern Cooper-Bessemer is due in 
part to a century-old background of engine- 
building experience, This, combined with 


truly advanced engineering, has enabled 
Cooper-Bessemer Diesels to do a notable 
job in Navy and Coast Guard vessels from 
the biggest combat ships to relatively small 
patrol boats. Yes, you can always count on 
Cooper-Bessemers for Diesel performance 
at its finest. 


The Cooper-Bessemer Corporation 
MOUNT VERNON, OHIO — GROVE CITY, PENNA. 


Oficial U.S. 
a 


ADVERTISEMENTS 


Raytheon is There! GAY 


VER the Navy's ships wg 
per in peace or in war, ; 


: the utmost re- 
sig- can depend upon equipment. 
and sound detection de- in 
vices and Fathomeser” FACTURING COMPANY 
—— Equipment Sales Division 

is proud to be “com: waltham 54, Massachusetts 

meteors to the Services” CONTRACTORS TO THE SERVICES 
Reg. U.S. Pat. OF Dept. 6470-JA 


: 


KINGSBURY 
THRUST BEARINGS 


Preferred through two World Wars for their 
dependability under difficult loads and speeds. 
Each ship of “Missouri Class has 
36 Rinses Bearings, including the 
four main thrusts. 


Kingsbury Machine Works, Inc. Philadelphia 24, Pa. 
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ADVERTISEMENTS Xxxi 


Komul anticorrosive coatings 


Sprayed asbestos insulation 


SELBY" 


BATTERSBY 2 CO. 


INCORPORATED 1925 


Deck coverings 
SELBY, BATTERSBY & CO. 


5235 Whitby Ave. Phila. 43, Pa. 


PROVEN IN THE SERVICE 


For 60 years, Cutler-Hammer, Pioneer Electrical Manufacturer, has furnished 

dependable control to all departments of the United States government. Built to 

specifications . . . backed by an outstanding record of performance. 
CONTROL APPARATUS FOR ALL MARINE USES 


Motor Control for E Se: Neate Foe Pum Winches, 
very Service, sundry Me Capstans, 


CUTLER-HAMMER, Inc., 1354 St. Paul Avenue, MILWAUKEE 1, WIS. 


Motor Operators for Valves, — 
Limit Switches, == MOTOR CONTRO TROL = atertight Door Control, 
— 
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: TEAR OUT, FILL IN THE TWO BLANK SPACES 
SIGN AND MAIL TO: 

Secretary-Treasurer 

‘ The American Society of Naval Engineers, Inc. 


605 F St., N. W. 
Washington 4, D. C. 


I would like to see an article in the Journat of the following 
subject : 


I suggest that 


could prepare an 
authoritative article on the above subject. 


Member 


: 
he stall of a of the 
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QUALIFICATION FOR MEMBERSHIP 


Commissioned and ex-commissioned officers of the regular Navy, Marine 
Corps and Coast Guard of the United States; warrant and ex-warrant 
officers of the regular Navy, Coast Guard and Marine Corps of the United 
States; reserve commissioned and warrant officers of the Navy, Coast Guard 
and Marine Corps of the United States shall be eligible as Naval Members. 
Persons eligible as naval members shall be admitted upon application and 
payment of annual dues. 


Persons in civil life whose knowledge of engineering is such that they 
can cooperate with Naval engineers in the promotion of professional knowl- 
edge may be eligible as civil members. They shall have been in the active 
practice of an engineering profession for at least eight years and in re- 
sponsible charge of important work for five years, and shall be qualified to 
design as well as to direct engineering work. Fulfilling the duties of a 
professor of engineering who is in charge of a department in a college or 
school of accepted standing shall be taken as an equivalent to an equal 
number of years of active practice. Graduation from a school of engineering 
of recognized standing shall be considered as equivalent to two years of 
active practice. Persons eligible as civil members may be admitted upon 
application and payment of annual dues, provided that the application is 
accompanied by the recommendation of two members and provided that 
the application shall receive the approval of a majority of the Council. 


Persons in civil life who are not eligible for civil membership, but who 
are especially interested in naval matters or the merchant marine may be 
eligible as associate members. Commissioned officers of the United States 
Army and of foreign military and naval services may be eligible as associate 
members. Persons eligible to associate membership may be admitted upon 
application and payment of annual dues, provided the application have the 
recommendation of a member and provided the application shall receive the 
approval of a majority of the Council, except that in the case of com- 
missioned officers of the United States Army and of foreign naval and 
military services, the recommendation of a member will not be required. 


Associate members shall be entitled to all the privileges of other mem- 
bers except voting and holding office. 


The annual dues shall be $7.50 payable on 1 January in advance. 
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APPLICATION FOR MEMBERSHIP 
IN THE AMERICAN SOCIETY OF NAVAL ENGINEERS, INC. 
Date. 


I hereby make application for membership* in the American 
Society of Naval Engineers and submit the following information: 


For Naval Membership 


(First) (Middle) (Last) 


Name 
Rank File No 
Business connection and position, if any 


For Civil Membership 
(First) (Middle) 
Name 


Years in engineering work 


Years in responsible charge of important work 


Present business connection and position 


Recommended by (two members) 


For Associate Membership 
(First) (Middle) 


, if Commissioned Officer of 
U. S. Army or of foreign mili- 
tary or Naval service 


Business connection and position 


Recommended by (one member) 


Signature of Applicant 
Address for Journal and Mail 


MAIL TO SECRETARY-TREASURER 
Tue American Society or Navat EncInegrs, INc. 
605 F Sr, N. W., Wasurinecton 4, D. C. 


*See reverse side for required qualifications for various classes of membership 
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SECRETARIES OF THE SOCIETY 


Captain J. E. Hamirton, U. S. Navy, Retired 


Past Secretaries: 


1889 P.A. Engineer R. S. Grirrtn, U. S. Navy 
1890 Assistant Engineer W. M. McFartanp, U. S. Navy 
1891 Assistant Engineer Emr Tuetss, U. S. Navy 
1892-93 P. A. Engineer W. M. McFarzanp, U. S. Navy 
1894-95 P. A. Engineer R. S. Grirrin, U. S. Navy 
1896-97 P. A. Engineer F. C. Brec, U. S. Navy 
1898 P.A. Engineer W. M. McFarranp, U. S. Navy 
1899 Chief Engineer A. B. Wittits, U. S. Navy 
1900 Lt. Comdr. A. B. Wittits, U.S. Navy 
1901 Lieutenant B. C. Bryan, U. S. Navy 
1902 Lieutenant C. W. Dyson, U.S. Navy 
1903 Lt. Comdr. Joun R. Epwarps, U. S. Navy 
1904 Lieutenant M. E. Reep, U. S. Navy 
1905 Lieutenant W. W. Waite, U. S. Navy 
1906 Lieutenant C. K. U. S. Navy 
1907-08 Lt. Comdr. T. C. Fenton, U. S. Navy 
1909-10 Lieutenant H. C. Drncer, U. S. Navy 
1911 Commander U. T. Hotmes, U.S. Navy 
1912 Lieutenant Hatuican, U. S. Navy 
Lt. Comdr. E. L. Bennett, U. S. Navy 
1913 = Lieutenant O. L. Cox, U. S. Navy 
1914 Lt. Comdr. H. C. Drncer, U. S. Navy 
1915-16 Lieutenant A. T. Courcu, U. S. Navy 
1917 Lt. Comdr. J. O. RicHarpson, U. S. Navy 
Lt. Comdr. F. W. Stertine, U. S. Navy, Retired 
1918 Lt. Comdr. F. W. Sreruine, U. S. Navy, Retired 
1919 {et Comdr. F. W. Sterxtno, U. S. Navy, Retired 
Commander J. S. Evans, U. S. Navy 
1920 Commander J. S. Evans, U. S. Navy 
1921 Commander J. S. Evans, U. S. Navy 
Commander S. M. Rostnson, U. S. Navy 
1922-23 Commander S. M. Rostnson, U. S. Navy 
1924-25 Commander Bryson Bruce, U. S. Navy 
1926 Commander A. M. CHartton, U. S. Navy 
1927. Commander H. B. Hiren, U. S. Navy 
1928 Commander H. B. Hiren, U. S. Navy 
Captain O. L. Cox, U. S. Navy 
1929-30 Commander H. T. Smiru, U. S. Navy 
1931 Captain O. L. Cox, U. S. beg 
1932. Commander H. F. D. Davis, U. S. Navy 
1933-34 Commander H. B. Hipp, U. S. Navy 
1935 Commander C. S. U. S. Navy 
1936 Commander C. S. Grttette, U. S. Navy 
Commander Rocer W. Parne, U. S. Navy 
1937. Commander Rocer W. Patneg, U. S. Navy 
1938 {Commander Rocer W. Patne, U.S. Navy 
ULt. Comdr. Guy Cnapwick, U. S. Navy 
1939-40 Lt. Comdr. Guy Cnapwick, U. S. Navy 
1940-44 Captain J. E. Hamitton, U. S. Navy 
1945 Commander R. T. SUTHERLAND, Jr., U. S. Navy 
1945-48 Captain F. W. Watton, U. S. Navy 
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